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Patterns of community structure may be examined using phylogenetic and morphological data; 
these patterns can then be used to infer the processes that gave rise to these patterns. 
Communities made up of similar species may be structured by habitat filtering, wherein only 
species with traits necessary to survive in a particular location are found there. Communities 
made up of dissimilar species may have been structured by competition, which reduces overlap 
in resource use.  I examined the sensitivity of phylogenetic community structure (PCS) metrics 
to changes in phylogeny and community delimitation method, investigated patterns of PCS and 
correlation to environmental variables at multiple spatial and taxonomic scales, and assessed 
whether morphological data gave results similar to phylogenetic data using North American 
desert bats as a model system.  I found that PCS metrics were robust to moderate changes to 
phylogeny and that these metrics also trend in the same direction regardless of delimitation 
method. Bat communities tended to be made up of species that were significantly more closely 
related than expected by chance, or phylogenetically clustered, at large spatial and taxonomic 
scales; this tendency towards clustering decreases with decreasing scale. Phylogenetically 
clustered communities also tended to occur in harsher environmental conditions than more 
overdispersed communities, or those made up of species not closely related. From a 
morphological perspective, communities were made up of species that were morphologically 
clustered or not significantly different from random.  Morphological community structure was 
positively correlated with PCS, indicating that these different datasets gave similar results. These 
results indicate that North American desert bat communities are made up of phylogenetically and 




seasonality may influence community structure. This suggests that habitat filtering is playing a 




CHAPTER 1  
INTRODUCTION 
 
Ecologists seek to describe, explain, and predict patterns in the abundance, distribution, and 
diversity of organisms. Such investigations can range in scale from populations of a single 
species to biomes of many species, living in a single sample of soil or spread across a continent. 
Community ecology focuses at intermediate scales, concentrating on how species interact with 
each other and the abiotic environment to understand patterns of coexistence in a single 
community or across multiple communities. To understand these patterns, temporal, spatial, and 
taxonomic extent of a community must be defined, characteristics of species living in that 
community quantified, and environmental conditions of the community measured. Although 
many mechanisms can determine which species can co-occur, historically, habitat filtering and 
density-dependent interactions have been the two main processes ecologists study (e.g., Webb et 
al. 2002, Cavender-Bares et al. 2009, Vamosi et al. 2009). Habitat filtering occurs when species 
are found in a particular place because they are capable of surviving the environmental 
conditions or using available resources there (Webb et al. 2002, Ackerly et al. 2006). This 
process prevails most often at large spatial and taxonomic scales because habitat heterogeneity 
allows species to be sorted by different habitat types which tends to lead to co-occurrence of 
similar, or clustered, species (Swenson et al. 2007, Cavender-Bares et al. 2009, Gómez et al. 
2010). Density-dependent interactions include predation, mutualism, and parasitism, but 
competition for resources has been the focus of most studies.  Competitive interactions lead 
species in a community to be dissimilar, or overdispersed, to reduce overlap in resource use. This 
process tends to be most prevalent at smaller scales (Swenson et al. 2007, Cavender-Bares et al. 




 Species similarity can be measured in multiple ways. Traditionally, morphological or 
functional traits or physiological tolerances have been measured and analyzed to determine how 
phenotypically similar co-occurring species are to each other. A newer approach is to determine 
how phylogenetically similar co-occurring species are and using this similarity to determine how 
the community is structured (e.g., Webb et al. 2002, Cavender-Bares et al. 2009, Vamosi et al. 
2009). This approach usually assumes that closely related species are also phenotypically similar 
based on niche conservatism (Wiens and Graham 2005, Losos 2008). Structure metrics of a 
community can be compared to randomly assembled communities to determine if the observed 
community’s structure is significantly different from random. These metrics can also be 
compared to environmental variables, such as temperature or precipitation, to investigate how 
abiotic factors influence species occurrence in communities.  
 I investigate phylogenetic and morphological community structure of North American 
desert bats at multiple spatial and taxonomic scales in the four desert regions in North America: 
the Great Basin, Mojave, Sonoran, and Chihuahuan. Each desert hosts unique floras (Shreve 
1942) and potentially unique faunas. Bats are classified in the order Chiroptera, the second most 
speciose order of mammals after rodents (Simmons 2005). Bats provide ecosystem services 
wherever they occur (Jones et al. 2009); in these desert regions they consume economically 
important insects and pollinate several species of plants (Jones et al. 2009). There are five 
families, 28 genera, and 55 species of bats found in these four deserts. Most of these species are 
insectivorous (insectivores occur in all five families), but some nectarivores, sanguivores, a 
piscivore, and a frugivore occur in the Sonoran or Chihuahuan deserts.  
 In Chapter 2, I investigate how changes to the data used to calculate phylogenetic 




requires a list of species occurring in communities in the region of interest and a phylogeny of 
these species. I collated bat capture and collection data from a variety of sources to determine 
species membership in each community. I then inferred a phylogeny of the regional species pool 
using sequences available on GenBank as well as sequences I generated. Surprisingly little work 
has been done to quantify how changes in community membership data and phylogeny influence 
the metrics calculated from them. Accordingly, I delimited communities of bats in six ways to 
determine if the method of defining a community affects community structure metrics. I then 
introduced random changes to the phylogeny to determine how this influences community 
structure metrics. Finally, I describe the community structure of bats found in all deserts and in 
individual deserts. 
 In Chapter 3, I examine the impact of spatial and taxonomic scale on phylogenetic 
community structure metrics in greater depth; as described above, phylogenetic clustering is 
expected at larger scales due to habitat filtering, while phylogenetic overdispersion (the opposite 
of clustering) is expected at smaller scales due to comptetition or other density-dependent 
interactions. To do this, I investigated community structure of the most speciose family in the 
region, Vespertilionidae, and the most speciose genus, Myotis, across all deserts and in each 
individual desert. I also used ecological trait data to determine if phylogenetic proximity is a 
useful proxy for phenotypic similarity. In addition, I determined if community structure is 
correlated with environmental variables. Clustered communities are expected in harsher 
environments, whereas overdispersed communities are expected in more favorable conditions. 
 Finally, in Chapter 4 I examined morphological community structure and assessed 
whether it is correlated with phylogenetic structure. I collected morphological data from museum 




communities are made up of morphologically similar or dissimilar species. I then determined if 
each trait was evolutionarily conserved, convergent, or random for each taxonomic scale. If a 
trait is evolutionarily conserved, close relatives will be morphologically similar to each other and 
distantly related species will be morphologically dissimilar, resulting in a positive correlation 
between phylogenetic and morphological distances. Conversely, if species have undergone 
convergent evolution, there will be a negative correlation between morphological and 
phylogenetic distances because distantly related species will be more similar morphologically 
than closely related species. Finally, I determined if community structure based on morphology 
and phylogeny were correlated. Positive correlation means morphology and phylogeny are 
congruent, whereas negative correlation indicates the datasets are producing different patterns of 
community structure. 
 In Chapters 2-4 I use the personal pronouns “we” and “our” to refer to myself and my 
advisor, Richard Stevens. At the time this dissertation was submitted to the LSU Graduate 
School, all three chapters were in preparation to be submitted to journals for publication.  
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CHAPTER 2  
INVESTIGATING SENSITIVITY OF PHYLOGENETIC COMMUNITY STRUCTURE 
METRICS USING NORTH AMERICAN DESERT BATS 
 
INTRODUCTION 
Interpreting patterns of coexistence within communities and determining mechanisms involved 
in community assembly have fascinated ecologists for decades. However, teasing apart complex 
interactions of abiotic and biotic factors and how they ultimately affect community organization 
has proven difficult. A fairly recent approach to investigating community structure that has 
gained traction over the past decade is to combine information contained in the phylogeny of the 
regional species pool with species membership in individual communities to make inferences 
about processes involved in assembly (Emerson and Gillespie 2008, Cavender-Bares et al. 2009, 
Vamosi et al. 2009); this approach is referred to as phylogenetic community structure (PCS). 
Phylogeny is a hypothesis of evolutionary history of the clade of interest; since closely related 
species tend to share similar traits (Wiens and Graham 2005), phylogenetic distance, which is 
easily quantifiable, can be used as a proxy for ecological distance, which is often difficult to 
quantify (Webb 2000, Cavender-Bares et al. 2009).  It is important to note, however, that this 
relationship can break down in cases of convergent evolution, divergent selection, and ecological 
speciation (Emerson and Gillespie 2008). When species within a community are more closely 
related to each other than expected by chance, or phylogenetically clustered, they are often 
ecologically similar, indicating the possibility that the community may be structured by habitat 
or environmental filtering, selecting species with traits necessary to persist in that particular 
habitat (Webb et al. 2002, Ackerly et al. 2006). Alternatively, if members of a community are 
phylogenetically overdispersed, or less closely related to each other than expected by chance, 




similar (Ackerly et al. 2006, Webb et al. 2002; but see Mayfield and Levine, 2010 for an 
alternative explanation). PCS has shown promise in providing insight into whether and how 
evolutionary history influences community structure; examining roles of nonrandom assembly is 
of interest in its own right because it identifies cases of deterministic structure that beg 
explanation. 
While the impacts of trait evolution (Kraft et al. 2007), species pool characteristics (e.g., 
Lessard et al. 2012), source data (González-Caro et al. 2012), null models (e.g., Kembel 2009), 
and scale (Cavender-Bares et al. 2006, Swenson et al. 2006, Swenson et al. 2007, Gómez et al. 
2010, Kraft and Ackerly 2010, González-Caro et al. 2012) on metrics of phylogenetic 
community structure have been investigated in depth, little work has been done to investigate the 
influence of the two most fundamental components of phylogenetic community structure 
analyses: the phylogenetic tree from which all PCS metrics are calculated and how communities 
themselves are delimited.  Swenson (2009) investigated how phylogenetic resolution influences 
commonly used metrics of structure, by simulating trees with polytomies either at the tips or 
deeper in the phylogenies, then calculating structure metrics. He showed that overall PCS 
metrics from unresolved trees are highly correlated with metrics calculated from the “true” tree, 
but this relationship becomes weaker as tree resolution decreases. In addition, randomly creating 
polytomies at internal nodes had a greater impact on metrics than did collapsing terminal nodes 
(Swenson 2009). Similarly, no one has yet investigated if differences in how communities are 
defined influences phylogenetic community structure. The appropriate spatial size of a 
community will of course vary depending on the taxa of interest; however, it is important to 




the present study is to investigate how community delimitation methods and moderate changes to 
phylogeny affect PCS metrics using North American desert bat communities.  
North American desert bats are an ecologically and economically important group. In 
North American deserts, there are five families, 28 genera, and 55 species. The majority of these 
species are insectivorous, but a few members of the family Phyllostomidae in this region and are 
nectarivorous, frugivorous, piscivorous, or sanguivorous. Bats are integral to ecosystem 
functioning wherever they occur (Jones et al. 2009); in western North America they serve as 
pollinators of several plant species and consume economically important insects (Jones et al. 
2009).  
We focused our study on the four large deserts of North America (Great Basin, Mojave, 
Sonoran, and Chihuahuan; Figure 2.1, A), allowing us to investigate PCS within, between, and 
across regions. These deserts were formed by a combination of rain-shadows from surrounding 
mountains and cool ocean currents off the Pacific coast that limit precipitation (Axelrod 1983). 
Although all four deserts experienced the effects of  increasing aridity over time, the more 
northern Great Basin and Mojave deserts are considered younger (~8000-10,000 years as deserts; 
Axelrod 1983) than the two southern deserts, with the Chihuahuan Desert being the oldest 
(~11,500 years old; Medellin-Leal 1982). In addition, these deserts cover a range of climatic 
regimes, based on winter temperatures, from cold (Great Basin) and cool (Mojave) deserts, 
which acquire most of their precipitation during the winter (Axelrod 1983), to the subtropical 
Sonoran, with precipitation in both summer and winter (Crosswhite and Crosswhite 1982), to the 
hot Chihuahuan, with most of its precipitation in summer (Medellin-Leal 1982). Because of 
these differences in age and climatic regimes, each desert hosts distinct floral assemblages 





Figure 2.1.  (A) Map of desert regions of North America and bat collection/capture locations 
showing only US and Mexican states containing biome13 of the World Wildlife Federation 
terrestrial ecosystem layers. (B) Six methods for delimiting communities zoomed in to southern 
California, southern Nevada, western Utah, and northwestern Arizona.   
desert faunas as well. For this reason we might expect different patterns of community structure 
among deserts. Conversely, similarly harsh conditions found in deserts could affect the bat 
faunas found within them in similar ways leading to convergent patterns of community structure. 
 In the present study we infer a phylogeny and further Swenson’s (2009) work by 
comparing metrics calculated on various trees generated from our data set to investigate how 
changes in phylogenetic trees influence PCS metrics. We did not investigate how random trees 
affect PCS, but instead concentrated on possible trees, as these are more likely to be used in this 




differences alter PCS metrics. Finally, we investigate if patterns of bat community structure 
differ among North American deserts  
METHODS 
Phylogeny 
Many phylogenetic trees include North American bats (e.g., Jones et al. 2002, Baker et al. 2003, 
Hoofer and Van Den Bussche 2003, Stadelmann et al. 2007); however, none of them have all 
genes or taxa in common, or they are poorly resolved for important taxa (i.e., Myotis), creating 
the need to build a phylogenetic tree for species occurring in the four North American deserts. 
Sequences were downloaded from GenBank when possible or generated from tissues preserved 
in museum collections or collected in the field (see below and Appendix I).  
DNA was extracted from organ or muscle tissues using a DNeasy Blood and Tissue Kit 
(Qiagen). Mitochondrial cytochrome b and 12S-16S, as well as nuclear RAG2 were amplified 
using previously published primers (Irwin et al. 1991, Baker et al. 2000, Teeling et al. 2000, Van 
Den Bussche and Hoofer 2000, Ibanez et al. 2006, Stadelmann et al. 2007) as well as novel 
primers designed for this study. Primer combinations and thermal-cycling profiles are given in 
Appendix I. Amplifications were carried out either with pureTaq PCR beads (GE Healthcare) or 
with 2.5 units of Taq polymerase, 10X buffer (Invitrogen), 1.5mM MgCl2, and 1 µM of each 
primer. Resulting PCR products were sequenced using traditional Sanger techniques by 
Beckman Coulter Genomics (Danvers, MA). Sequences were cleaned using Seqman (v.6.1) and 
initially aligned in MegAlign (v.6.1); both are part of the DNA* Lasergene 6 package.  
To improve accuracy of our phylogeny, 103 species not occurring in North American 
desert regions were included in analyses (Appendix II).  Two members of the family 




Rhinolophidae, Rhinolophus luctus and R. celebensis, served as outgroups (Appendix I). 
Sequences were aligned with the online version of MUSCLE (Edgar 2004) then converted to 
NEXUS format with Phylogeny.fr (Dereeper et al. 2008). For some species, full length 
sequences were not available for one or more genes, therefore data sets including and excluding 
missing data were analyzed. In addition, trees were inferred including and excluding nuclear 
RAG2. 
Modeltest version 3.7 (Posada and Crandall 1998) was used to determine the most 
appropriate models of evolution (parameters of nucleotide substitution) using Akaike 
information criteria, for each gene including and excluding missing data (Appendix III: Table 
S1). Genes were concatenated with SequenceMatrix (Vaidya et al. 2011). GARLI (Zwickl 2006) 
was used to infer phylogenies using maximum likelihood for each partitioned dataset. GARLI 
searches were run on each of the four nexus files (including and excluding missing data, with 
and without RAG2) until several searches found identical best trees with similar scores. One 
thousand bootstrap replicates were then performed on each tree. All trees produced in these 
analyses have been submitted to the Dryad Digital Repository 
(http://doi.org/10.5061/dryad.627ck). 
Communities 
Community composition was determined based on a GIS map of bat capture data. The majority 
of these data were downloaded from MaNIS (http://manisnet.org) in addition to capture and 
collection records from museums not affiliated with MaNIS (Angelo State University, Arizona 
State University, Brigham Young University, Oregon State University, Sul Ross State 
University, University of Arizona, University of California Davis, and University of Texas El 




al. 2006), our own fieldwork (Appendix III: S1), as well as collection records of other 
researchers (Michael O’Farrell, Stacy Mantooth, and Jason Williams, personal communications), 
as long as they collected at least some voucher specimens. Care was taken to ensure that records 
from published accounts and museum specimens were not duplicated. Capture and collection 
records were filtered to contain only bats collected/captured with geographic coordinates from 
the desert regions (biome#13) as defined by the World Wildlife Federation’s (WWF) terrestrial 
ecosystem layers (Olson et al. 2001) since 1950, when mist nets came into common use. 
Scientific names for all bat records considered were standardized based on Simmons (2005).  At 
many geographic locations, species identification in the hand can be problematic due to cryptic 
and/or phenotypically plastic species and alternate identifications could have had an impact on 
PCS analyses; specific methods testing the impact of alternate identifications can be found in the 
supplementary materials (Appendix III: S2). Individual specimen records were combined based 
on identical geographic coordinates so that number of bats of each species was summed and 
associated with each coordinate combination. Ecosystem types within biome#13 of the WWF 
terrestrial ecosystem layers (Olson et al. 2001) were combined to approximately coincide with 
Shreve’s (1942) Great Basin, Mojave, Sonoran, and Chihuahuan Desert designations.  
Collection points were mapped using ArcGIS v. 9.3 (Figure 2.1, A). Currently, there is no 
standardized method that defines how a community should be delimited. Therefore we devised 
six methods of community delimitation (Figure 2.1, B). The first was to create 5 and 10km 
radius buffers around each geographic point of collection or capture. If two or more of these 
areas overlapped, then communities were formed by dissolving boundaries of touching buffers 
and performing a spatial join (joining the data attributes of several points based on spatial 




within the combined buffer to the combined buffer layer. These communities are composed of 
spatially clustered collection/capture localities; however there is no limit on how many points are 
joined or the spatial extent of joined buffers. In addition, buffer communities could encompass 
multiple microhabitats and elevations.  The second method was to overlay a regular grid of 10-
by-10 and 50-by-50km cells (Ormsbee et al. 2006) on the map using ET GeoWizards version 
10.0. Communities consisted of all collection points within each of these cells. This method 
explicitly determines community spatial extent; however, it can split nearby collecting locations. 
The final method was to subjectively place 50 and 100km diameter circles on the map to 
encompass as many collection/capture points as possible (but at least four) without overlapping 
circle boundaries. This method provides a spatially defined limit to the size of communities 
while accounting for likely connectivity of nearby collecting locations.  
PCS analyses are based on the assumption that differences in composition among 
communities are not the result of incomplete sampling. In order to enhance likelihood that 
resulting communities had been adequately sampled and could be statistically compared, Chao1 
(Colwell 2009, Oksanen et al. 2010) was calculated for each community using the function 
“estimateR” in the vegan package (Oksanen et al. 2010) of the R statistical platform. Chao1 uses 
species abundance data, the number of species in the sample, and the number of species 
represented by a singletons and doubletons to estimate the true number of species in an 
assemblage (Colwell and Coddington 1994);  this estimator has been shown to accurately 
estimate true species richness (Hortal et al. 2006). Communities with three or more species were 
considered adequately sampled if observed species richness fell within the 95% confidence 
interval of the richness estimator. All community data matrices used in these analyses have been 




Phylogenetic community structure metrics 
Delimitation of meaningful species pools is essential for constructing reasonable null models to 
assess whether observed communities are significantly different from randomly generated 
communities (e.g., Lessard et al. 2012). Species pools were established across two different 
spatial scales: (1) all North American deserts and (2) species that occur in each of the large North 
American deserts. 
Mean pairwise distance (MPD) is a measure of phylogenetic dispersion of taxa within a 
particular community; it is the average pairwise phylogenetic distance among all pairs of species 
(Webb 2000, Webb et al. 2002). Mean nearest taxon distance (MNTD) measures how locally 
clustered taxa are; it is the mean phylogenetic distance to the nearest taxon for all species in a 
community (Webb 2000, Webb et al. 2002). These metrics were calculated in R using the picante 
package (Kembel et al. 2010). In order to obtain standardized effect size (SES-) z-values and p-
values for each metric, empirical values of MPD and MNTD were compared to those calculated 
for 10,000 communities randomly assembled from the appropriate species pool using the 
independent swap null model. This null model randomizes the community data matrix while 
maintaining species richness within samples and species occurrence frequency; it was chosen 
because previous work has shown it to perform well in detecting community assembly processes 
(Kembel 2009). When α=0.10, communities that are significantly phylogenetically overdispersed 
have positive z-values and p-values >0.95 while phylogenetically clustered communities have 
negative z-values and p-values <0.05.  We chose this α because we wanted to acknowledge 
communities in the upper and lower 5% of the tails as significantly different from randomly 
assembled communities and the author of the package suggests this threshold (Kembel 2010). 




overall significance of SES-MPD and SES-MNTD for each community delimitation method for 
each species pool. We assessed spatial structuring of results across the landscape by calculating 
Moran’s I correlograms implemented in SAM v. 4.0 (Rangel et al. 2006). 
Impact of phylogenetic tree on community structure metrics 
All analyses described below used 5km buffer communities and the all-desert species pool. Four 
different data sets were used to infer phylogenetic trees in this study: with and without missing 
data and with and without nuclear RAG2. To see if these four trees influenced PCS results, SES-
MPD and SES-MNTD were calculated for each community from each tree. A MANOVA was 
performed using the SES-MPD and SES-MNTD z-values (results not shown). There was no 
significant difference among different trees, so for all PCS analyses the tree including missing 
data and nuclear RAG2 was used (hereafter referred to as the best tree; Figure 2.2). 
To determine if differences in phylogenetic trees influence PCS metrics, we calculated 
SES-MPD and SES-MNTD for a population of bootstrap trees as well as randomized trees. 
Twenty-one trees bootstrapped from the best tree, spanning the full range of maximum-
likelihood values (from the best bootstrap tree to the worst), were used to calculate SES-MPD 
and SES-MNTD. The SES-MPD and SES-MNTD z-values were then compared to those 
calculated from the best tree using a MANOVA.  
In addition, to investigate reasonable alterations in the phylogeny, we created randomized 
trees from the best tree using both nearest-neighbor interchange (NNI) as well as sub-tree prune 
and re-graft (SPR) methods. NNI randomizations swap neighboring branches making smaller 
changes to trees than SPR randomizations which remove a branch attached to a subtree then 
inserts it somewhere else on the tree (Felsenstein 2004). The R package phangorn (Schliep 2011) 





Figure 2.2: Phylogenetic tree used in all phylogenetic community structure analyses (all three 
genes, including missing data; referred to as “best tree” in text). Numbers at nodes are bootstrap 
values. Bold species are found in the species pool; all other species were included with the 
purpose of inferring an accurate phylogeny. In order to fit on the page, the tree has been cut in 





tree for each randomization method for a total of 100 randomized trees. It is important to note 
again that these trees are not truly randomized but have had randomly chosen branches or clades 
rearranged a specified number of times. In addition to these random rearrangements, we 
constructed a tree retaining the familial relationships of the best tree but unresolving all clades 
below the family level, we refer to this tree as “Polytomy”; we also unresolved all of the clades 
of the best tree, creating a tree we refer to as “Bush”.  PCS metrics were then computed for each 
of these trees. PCS results were compared using MANOVA as above; randomized trees were 
compared to each other and to the best tree. Significant MANOVA results were further 
investigated using ANOVA with Tukey’s Honestly Significant Difference (HSD) to assess 
which metrics and trees were driving significance using the agricolae package (Mendiburu 2012) 
in R. We performed a Mantel test in R between the distance matrix from the best tree and 
distance matrices from some of the randomized and the unresolved Polytomy and Bush trees to 
determine if resolution/randomization impacted the distance matrices from which PCS metrics 
are calculated. For this analysis, we chose to use SPR300.2 because HSD showed it was the most 
different from all other trees, then arbitrarily chose SPR50.2, NNI50.2, and NNI 300.2 to 
represent minimally and maximally randomized trees. Robinson-Foulds distance between the 
best tree and each bootstrap or randomized tree was calculated using phangorn (Schliep 2011) or 
PAUP (Swofford 2000). Robinson-Foulds distance is computed by calculating the branch lengths 
of all possible partitions for each tree then summing the absolute values of the differences 
(Felsenstein 2004). Smaller distances indicate similar trees. Examples of these trees are 
summarized in Appendix III: FigureS1 and all trees used in these analyses have been submitted 






In general, there were few differences in topologies of trees that included or excluded missing 
data and included or excluded nuclear RAG2, although trees including missing data had higher 
nodal support than those excluding missing data (Figure 2.2, Dryad). Familial relationships were 
similar to those proposed by Teeling et al. (2005) and relationships among species within 
families are similar to those in taxon specific phylogenies (e.g., Baker et al. 2003, Hoofer and 
Van Den Bussche 2003, Stadelmann et al. 2007).  
Community delimitation method and PCS 
Adequately sampled communities based on Chao1 for each delimitation method are summarized 
in Appendix III: Table S2 and Figure 2.3; these are communities used in PCS analyses. Visual 
inspection of PCS results across the landscape revealed no discernible patterns (Appendix III: 
Figure S2), however Moran’s I correlograms indicated that PCS metrics were positively and 
significantly spatially autocorrelated at small distances and negatively and significantly 
autocorrelated at large distances, but were not spatially autocorrelated at intermediate distances 
(AppendixIII: Figure S3).  Individual communities, regardless of spatial scale, run the gamut 
from significantly clustered to significantly overdispersed (Table 2.1). Since we were more 
interested in examining overall patterns of PCS, we will only discuss the results of Fisher’s 
combined probability tests. 
Phylogenetic community structure analyses for all deserts combined indicate that 
communities were significantly phylogenetically clustered regardless of delimitation method or 
PCS metric (Tables 2.1 and 2.2). For the Great Basin Desert, 10km buffer, 50km grid, and 50km 




Figure 2.3: Adequately sampled communities with three or more taxa based on Chao1 used in 
analyses. N refers to total number of communities for each delimitation method. (A) 5km buffer 
(B) 10km buffer (C) 50km circles (D) 100 km circles (E) 10km grids (F) 50km grids. Maps show 
only US and Mexican states containing biome13 of the World Wildlife Federation terrestrial 
ecosystem layers. 
buffer, 10km grid, and 100km circle communities also tended to be clustered (Tables 2.1 and 
2.2).  In the Mojave Desert, neither SES-MPD nor SES-MNTD was significantly different from 
randomly assembled communities for any delimitation method (Tables 2.1 and 2.2). In the 
Sonoran Desert, all delimitation methods were significantly clustered for both community 
structure metrics except SES-MNTD for 5km buffer (tended toward clustering) and 50km circle 
communities (not significantly different from random; Tables 2.1 and 2.2). Chihuahuan Desert 
communities were significantly clustered or tended towards clustering except SES-MNTD for 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.2: All Fisher’s combined probability test p-values for all species pools and delimitation 
methods, color-coded by significance.  
Metric Delimitation method All deserts Great Basin Mojave Sonoran Chihuahuan 
MPD 
5km buffer <0.001 0.029 0.586 0.004 0.035 
10km buffer <0.001 0.040 0.176 0.012 0.124 
10km grid <0.001 0.093 0.303 0.001 0.022 
50km grid <0.001 0.030 0.156 0.001 0.216 
50km circle <0.001 0.001 0.424 0.011 0.073 
100km circle <0.001 0.105 0.306 0.048 0.301 
MNTD 
5km buffer 0.001 0.051 0.396 0.347 0.100 
10km buffer <0.001 0.046 0.192 0.020 0.267 
10km grid <0.001 0.119 0.436 0.015 0.014 
50km grid <0.001 0.034 0.060 0.037 0.340 
50km circle <0.001 0.003 0.438 0.076 0.066 
100km circle 0.001 0.081 0.180 0.015 0.553 
  Clustered (sig.; p-values <0.001-0.049) 
  Clustered (ns; p-values 0.05-0.29) 
  Not significant (p-values 0.30-0.69) 
Impact of phylogenetic tree on analyses 
As trees were randomized to increase branching differences from the best tree, Robinson-Foulds 
distances increased (Appendix III: FigureS4); several of the SPR300 move trees were 
themaximum possible distance from the best tree. Although differences in SES-MPD and SES-
MNTD z-values calculated from trees increasingly distant from the best tree were perceptible 
upon visual inspection (Appendix III: FigureS5), these differences were not statistically 
significant except for the most distant trees (Table 2.3). There were no significant differences in 
PCS metrics between the best tree and bootstrap trees, or between any of the trees randomized 
with the NNI method and the best tree (Table 2.3). Furthermore, we did not detect any 
significant differences until we compared SPR300 trees to each other, to the best tree, and all 
SPR trees to the best tree (Table 2.3). There were no significant differences in PCS z-values 




Table 2.3: Results of multivariate analysis of variance (MANOVA) for SES-MPD and SES-
MNTD z-values for 5km buffer communities and the “all taxa” species pool. Significant p-values 
are in bold. NNI refers to nearest-neighbor interchange randomizations while SPR refers to sub-
tree prune and re-graft randomizations. Numbers after NNI and SPR refer to the number of 
randomization moves away from the best tree. Comparison refers to which trees are being 
compared (NNI50 means all ten NNI 50 move trees are being compared to each other whereas 
NNI50 and Best tree means all ten NNI 50 move trees and the best tree are being compared). 
Bootstrap refers to the bootstrap trees, Polytomy refers to the tree with polytomies below the 
family level, Bush refers to the tree with no bifurcating branches, and Best tree refers to the best 
tree used in all other analyses (see methods). 
Compairison approx F num Df den Df Pr(>F) 
Bootstrap and Best tree 0.018068 42 7524 1 
NNI50 0.20038 2 1717 0.818 
NNI50 and Best tree 0.14216 20 3762 1 
NNI100 0.035948 2 1717 0.965 
NNI100 and Best tree 0.19458 20 3762 1 
NNI200 0.004369 2 1717 0.996 
NNI200 and Best tree 0.62127 20 3762 0.900 
NNI300 0.030669 2 1717 0.970 
NNI300 and Best tree 0.3497 20 3762 0.997 
All NNI trees and Best 0.35662 80 14022 1 
SPR10 0.7279 2 1717 0.483 
SPR10 and Best tree 0.50733 20 3762 0.965 
SPR50 0.47491 2 1717 0.622 
SPR50 and Best tree 0.87546 20 3762 0.620 
SPR100 1.8013 2 1717 0.165 
SPR100 and Best tree 1.215 20 3762 0.230 
SPR200 0.93034 2 1717 0.395 
SPR200 and Best tree 1.3719 20 3762 0.124 
SPR300 3.0903 2 1717 0.046 
SPR300 and Best tree 1.7853 20 3762 0.017 
All SPR Trees and Best 1.4418 100 17442 0.003 
Polytomy and Best tree 0.93865 2 341 0.392 
Bush and Best tree 2.7083 2 341 0.068 
bush and best comparison was non-significant. ANOVA indicated that SES-MNTD was the 
metric causing significant differences in the MANOVA in all three cases while SES-MPD was 
also significant when all SPR trees were compared to the best tree (Table 2.4). Mantel tests 




SPR50, NNI300, SPR300, and polytomy trees, but not for distance matrices from NNI50 
(although this approaches significance) or bush trees (Appendix III: Table S3). 
Table 2.4: ANOVA results for PCS comparisons found to be significant with MANOVA. 
Significant p-values are bolded. Terminology as in Table 2.3. 
Comparison Metric num Df den Df Mean Sq  F value  Pr(>F) 
SPR300 
MPD.z 1 1718 1.5947 1.774 0.183 
MNTD.z 1 1718 5.184 5.521 0.019 
SPR300 and Best 
tree 
MPD.z 10 1881 1.3948 1.474 0.143 
MNTD.z 10 1881 2.4147 2.537 0.005 
All SPR Trees and 
Best 
MPD.z 50 8721 1.529 1.479 0.016 
MNTD.z 50 8721 1.814 1.827 <0.001 
 
DISCUSSION 
We inferred a well resolved phylogenetic estimate using multiple genes and broad taxon 
sampling that will be useful for a wide range of ecological and evolutionary studies. We then 
used this tree to test the robustness of PCS metrics to community delimitation methods and 
changes to the tree itself. We found that bat communities tend to be phylogenetically clustered 
across deserts and within individual deserts regardless of community delimitation method. In 
addition, we found that MPD and MNTD were robust to changes to the phylogeny from which 
they were calculated. 
Phylogeny 
We estimated phylogenies in this study not to redefine evolutionary relationships, but to produce 
a robust tree with which to test ecological hypotheses. Because of this, we focused our taxon 
sampling on North American desert bats and species with sequences available on GenBank, not 
on ensuring that all clades were equally represented. Our trees included sequences we produced 
for several taxa that previously had little or no representation on GenBank (Eumops perotis, 
Nyctinomops aurispinosus, N. femorosaccus, Leptonycteris nivalis, Myotis melanorhinus, M. 




available for an additional 22 taxa (Appendix I). Our phylogenetic estimates were well resolved 
and did not contain the numerous polytomies that pervade the vespertilionid clade of the bat 
supertree (Jones et al. 2002), although resolution of this clade was not our explicit goal when 
including taxa in this family. Because of their high resolution and dense taxonomic sampling, 
these trees should prove useful to the broader scientific community to answer ecological and 
evolutionary questions. 
Impact of community delimitation method on PCS metrics 
While there were some differences in PCS results between different community delimitation 
methods (Tables 2.1 and 2.2), we did not find any overall pattern in these differences, making it 
difficult to interpret results or recommend a particular delimitation method for bat communities. 
All three methods have advantages and disadvantages. The buffer delimitation method has no 
limit to how many buffers can be joined, which allows the spatial area of each community to 
vary greatly (5km buffers: mean= 182.86 km
2
, range= 78.54-1280.89 km
2
; 10km buffer: mean= 
1063.31 km
2
, range= 314.16-15266.45 km
2
). In contrast, both grid and circle drawing methods 
are spatially consistent in their extent. Nonetheless, one drawback to the grid method is that 
capture/collection locations may potentially be sufficiently close in proximity to share 
individuals, yet be assigned to separate communities. The subjectivity of the circle drawing 
method (circles are subjectively drawn around as many communities as possible but at least four) 
could possibly introduce researcher bias regarding which communities are joined together. 
Fortunately in our case, different delimitation methods tended to give results that at least trended 
in the same general direction. Natural communities are not necessarily discrete entities. 
Nonetheless, measurement requires discrete units. Ideally, congruence among delimitation 




researcher delimits communities consistently within a study, there is reasonable assurance that 
whatever delimitation method is used, results should be comparable within the study and 
accurately reflect trends in the data.   
Impact of phylogeny on PCS metrics 
PCS metrics are surprisingly robust even to substantial changes in phylogenetic tree topology. 
Prior to this study only Swenson (2009) had investigated how randomly reducing tree resolution 
affected PCS metrics and suggested that PCS metrics are sensitive to polytomies at basal nodes 
of the phylogeny. We take Swenson’s work a step further by rearranging branches randomly 
across the phylogeny. Bootstrap and NNI trees were not distant enough from the best tree to 
make a significant difference in community structure metrics (Table 2.3 and Appendix III: 
Figures S4-5). Trees must be almost as distant from the “true” tree as possible (maximum 
Robinson-Foulds distance for a tree containing 56 taxa is 109; maximum distance achieved 
through randomization was 108 SPR300 trees 2, 4, 6, 9, 10) before significant changes could be 
detected in the PCS metrics, and even then it was only SES-MNTD that was consistently 
affected (Table 2.4 and Appendix III: Figures S4-5). While most of the substantially randomized 
trees produced quite different PCS metrics from those calculated from the best tree, a few 
randomized trees still produced metrics very similar to the best tree metrics (Appendix III: 
Figure S5 c-d). 
 These results suggest 2 possibilities: 1) that PCS metrics actually have little to do with 
phylogeny or 2) that even a poorly inferred tree still offers useful evolutionary information that 
can be used to describe patterns of species co-occurrence. We suggest that possibility 2 is the 
case. Phylogenetic trees reflect evolutionary history, therefore ecology, of taxa within them. Our 




substantially randomized trees (bootstrap trees, all NNI trees, and SPR 10-200 trees, Appendix 
III: Figure S1; all trees available from Dryad Digital Repository) retained some of the original 
phylogenetic structure and produced PCS metrics that were similar to those calculated from the 
best tree (Appendix III: Figure S5). In particular, familial relationships were retained so that 
metrics calculated from these trees were statistically indistinguishable from those calculated 
from the best tree (Table 2.3). This was also the case for metrics calculated from the polytomy 
tree, which contained polytomies below the familial level, further strengthening this argument 
(Table 2.3). These familial relationships reflect not only evolutionary history but also ecological 
specialization, so that species membership in a community is dictated by ecology which is 
reflected by PCS metrics. Maximally randomized (SPR300) trees retained essentially none of the 
original evolutionary history exhibited in the best tree, accounting for the significant difference 
between metrics calculated from these trees and those calculated from the best tree (Tables 2.3 
and 2.4; Appendix III: Figures S1 and S5). While PCS metrics calculated from the bush tree 
were not significantly different from those from the best tree, the relatively low p-values indicate 
that there were substantial, albeit non-significant differences between the two trees (Table 2.3, 
Appendix III: Figure S5).  
 Our goal for these analyses was not to produce truly random trees. It is essentially 
unfathomable that with the data, methods, and programs available to researchers at this time, a 
completely erroneous/random tree could be produced and used in PCS analyses. Instead our goal 
was to investigate the impact of plausibly random trees on PCS metrics. Much more likely is the 
possibility that a researcher would use a phylogeny in which some species relationships might be 
incorrect while genera or at least familial relationships remain intact. In the majority of the trees 




(Appendix III: Figure S1 and trees available on Dryad). In addition, branch lengths separating 
species remain relatively unaffected by topological changes to the tree as evidenced by 
significant correlation between distance matrices calculated from these trees with that from the 
best tree in most cases (Appendix III: Table S3). Although branch lengths may differ based on 
the data used to infer a tree, we suggest that misplacing one or a few species on a phylogeny is 
not likely to significantly affect the branch lengths separating those species from others on the 
tree and therefore likely will not greatly impact a distance matrix or PCS metrics calculated from 
that phylogeny. Our results indicate that, in fact, MPD and to a slightly lesser extent MNTD are 
robust to topological changes in a tree. These results should encourage ecologists that PCS 
metrics do indeed reflect real processes acting at the community level and are not artifacts of 
poorly inferred trees. 
Phylogenetic community structure of desert bat communities 
Spatial scale of the regional species pool has been shown to affect PCS; at large scales, habitat 
filtering is expected to be most prevalent as species are filtered based on phylogenetically 
conserved traits across a heterogeneous landscape (Cavender-Bares et al. 2009, Gómez et al. 
2010). Habitat homogeneity at small spatial scales is expected to increase interspecific 
interactions, such as competition, potentially leading to phylogenetic overdispersion (Cavender-
Bares et al. 2009, Gómez et al. 2010). Hence, community assembly should be influenced by 
multiple factors acting at different scales with particular processes predominating at a given 
scale. Although scale is not the focus of the present research, our study system allowed us to 
examine how scale affects PCS by manipulating the species pools against which individual 




Deserts are unquestionably harsh environments. Precipitation in the four large North 
American deserts is limited by the combination of cool Pacific ocean currents and rain-shadows 
from surrounding mountains (Axelrod 1983). Desertification occurred over time with the 
northern Great Basin and Mojave Deserts younger than the southern Sonoran and Chihuahuan 
Deserts (Medellin-Leal 1982, Axelrod 1983) and each desert has its own climatic regime. These 
differences in age and climate gave rise to distinct floral assemblages in each desert (Shreve 
1942) and could present unique evolutionary and ecological histories to many taxa, bats 
included. Indeed, while most desert bats are insectivores, given the species diversity of bats in 
these desert regions (56 species and sub-species in all deserts, 25 in both the Great Basin and 
Mojave deserts) it would be unsurprising to observe this pattern. Conversely, because deserts are 
such harsh environments, we might expect to see habitat filtering, manifested as phylogenetic 
clustering characterizing structure of desert communities. This latter pattern of predominant 
phylogenetic clustering is in fact what we observe in North American desert bat communities 
when all deserts are considered together as well as when each is considered separately with the 
exception of the Mojave Desert.  
The Mojave Desert departs from expectations of phylogenetic clustering: overall, Mojave 
Desert communities are not significantly different from randomly assembled ones. Randomly 
assembled communities indicate that processes such as competition or habitat filtering may not 
play an important role in shaping community structure, that both may be acting simultaneously 
thereby obscuring either process (Cavender-Bares et al. 2009, Vamosi et al. 2009), the traits on 
which these processes are acting are not phylogenetically conserved, or some other process may 
be of overriding importance. The Mojave is considered a cool desert (Axelrod 1983) and is also 




1942, Axelrod 1983). These conditions could foster communities that are composed of species 
that can survive in such conditions (habitat filtering) and yet must compete for potentially 
limiting resources, or could prevent species from reaching carrying capacity thereby preventing 
competitive exclusion, or that environmental variability and unpredictability could prevent any 
deterministic structure from forming.  
Notwithstanding the exception outlined above, we found generally similar patterns of 
phylogenetic clustering across desert regions (Table 2.2) suggesting greater importance of habitat 
filtering over interspecific interactions in community assembly and indicating that desert bat 
communities overall respond to the same ecological pressures in similar ways. These results 
contrast with those of previous bat community structure studies using data on habitat use, diet, 
morphology, and/or echolocation (e.g., Aldridge and Rautenbach 1987, Willig and Moulton 
1989, Arita 1997, Stevens and Willig 1999, 2000, Campbell et al. 2007, Goncalves da Silva et al. 
2008, Stevens and Amarilla-Stevens 2012) which have suggested that bat communities are 
structured by competition limiting similarity of morphology or use of habitat or are made up of 
species randomly drawn from the regional species pool. We should note an alternative 
explanation for phylogenetic clustering put forth by Mayfield and Levine (2010): that 
competition could give rise to phylogenetically clustered communities if competition for 
resources limits community members to only those that possess phylogenetically conserved traits 
that allow them to outcompete more distantly related species lacking such traits. This is a 
plausible explanation for our observations but not one that is easily assessed given the difficulty 
in determining which traits confer superior competitive ability. However, a recent study by 




Bavarian bat communities were significantly phylogenetically clustered  due to  habitat filtering, 
suggesting that at least in some cases bat communities are structured by environmental factors.    
Our overall PCS results contrast with those for reptile and mammal communities in 
Australian deserts (Lanier et al. 2013).  PCS within and between taxonomic groups differed 
within and between regions, indicating that taxon-specific communities respond differently to the 
same ecological pressures. Our results also contrast with previous studies of mammalian PCS 
(Cardillo et al. 2008, Cooper et al. 2008) which found overall tendencies for phylogenetic 
overdispersion across several taxa; this dissimilarity may be due to differences in spatial and 
taxonomic scale and geographic area between these studies and ours or to differing evolutionary 
history and ecological responses of diverse taxa. 
While our results conformed to expected patterns of overall phylogenetic clustering 
(Table 2.2), individual communities actually run the gamut from significant phylogenetic 
overdispersion to significant clustering regardless of scale or delimitation method (Table 2.1). 
This pattern is observed in several other studies of mammalian community structure. Kamilar 
and Guidi (2010) found that while continents differed in the relatedness of species within primate 
communities, individual communities ranged between significantly clustered (very few 
communities) to significantly overdispersed with the majority being not significantly different 
from random. A similar pattern characterizes Mojave Desert rodent communities (Stevens et al. 
2012) as well as bats in Bavaria (Riedinger et al. 2012) and such variation may be a general 
result when numerous sites are examined simultaneously.   
In conclusion, we found that PCS metrics are very robust to changes in the phylogenetic 
tree used to calculate metrics. Phylogenetic trees had to be as distant from the “true” tree as 




be unlikely to ever be considered for use in community structure studies, so as long as ecologists 
use a reasonable tree they can be reasonably assured that trends in PCS are real. Community 
delimitation method does impact PCS results, but there is no obvious pattern to these differences. 
As long as a study uses the same method throughout, results should accurately reflect the same 
underlying trend in the data. Finally, we found that overall, desert bat communities tend to be 
phylogenetically clustered suggesting that bat communities may be responding to harsh desert 
conditions in similar ways.  
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CHAPTER 3  
PHYLOGENETIC COMMUNITY STRUCTURE OF NORTH AMERICAN DESERT 
BATS: INFLUENCE OF ENVIRONMENT AND ECOLOGICAL TRAITS AT 
MULTIPLE SPATIAL AND TAXONOMIC SCALES 
 
INTRODUCTION 
Ecologists have long sought to understand mechanisms responsible for the structure of natural 
communities. Complex interactions between abiotic and biotic factors, including environmental 
heterogeneity, evolutionary history, dispersal ability, timing of colonization, and competition 
(Cavender-Bares et al. 2009) have been proposed. Despite much research, some of the most 
fundamental questions about how natural communities are assembled remain unanswered. A 
relatively recent approach is to investigate phylogenetic community structure (PCS) which uses 
phylogenetic information of a regional species pool to make inferences about processes 
structuring local communities, thereby tying together ecological and evolutionary processes 
(Webb et al. 2002, Cavender-Bares et al. 2009).  
A common use of phylogenetic information is to study effects of competition and 
environmental filters on community organization. When closely related species have similar 
ecological characteristics (Wiens and Graham 2005), phylogenetic relationships among species 
can be used to characterize their niches in order to infer the processes involved in community 
assembly. Examining roles of nonrandom assembly is of interest in its own right because it 
identifies cases of deterministic structure that warrant an explanation. For example, local 
communities with species less related to each other than expected by chance (phylogenetic 
overdispersion) could result from competition, because closely related species sharing similar 
ecological phenotypes are absent and may have been eliminated by competitive exclusion 




each other than expected by chance (phylogenetic clustering) may have experienced 
environmental filtering; abiotic and biotic factors can remove or filter species incapable of 
surviving in a given habitat, leaving mainly closely related species that are similarly adapted 
(Webb et al. 2002, Ackerly et al. 2006, but see Mayfield and Levine 2010 for alternative 
expectations). In these respects, studying patterns of relatedness within local communities can 
provide mechanistic insight into structure (Webb et al. 2002, Cavender-Bares et al. 2009, 
Vamosi et al. 2009). 
Processes governing which species are found at a given community also depend on scale 
(Swenson et al. 2006, Swenson et al. 2007, Cavender-Bares et al. 2009). Biogeographic 
processes such as speciation, extinction, and to some extent dispersal ability, may most readily 
affect community organization at the largest spatial, temporal, and taxonomic scales (Cavender-
Bares et al. 2006, Swenson et al. 2006, Swenson et al. 2007, Cavender-Bares et al. 2009, Vamosi 
et al. 2009). At intermediate scales, dispersal ability and environmental or habitat filtering may 
influence community organization because habitat heterogeneity can cause species with similar 
environmental requirements to sort out across habitat types (Swenson et al. 2007, Cavender-
Bares et al. 2009, Gómez et al. 2010). Finally, at small spatial, temporal, and taxonomic scales, 
density-dependent interactions, such as competition and predation, may be most important in 
influencing community structure due to habitat homogeneity and similar resource use among 
closely related taxa (Cavender-Bares et al. 2006, Swenson et al. 2006, Cavender-Bares et al. 
2009, Vamosi et al. 2009, Gómez et al. 2010). Therefore, numerous concurrent processes may 
shape community membership, from large-scale biogeographic processes to small-scale density-




The predictions outlined above can be investigated by combining PCS results from 
multiple spatial, temporal, or taxonomic scales with climatic data or information on life history 
or functional traits. A significant correlation between PCS and climatic variables would suggest 
that environment may strongly influence PCS (Cavender-Bares et al. 2009). Similarly, a strong 
correlation between functional or life history traits and phylogeny would suggest that 
phylogenetic distance approximates functional distance.   
We investigate influences of climate and ecological traits at multiple spatial and 
taxonomic scales using bat communities from the four deserts of North America (Figure 3.1). 
The Great Basin, Mojave, Sonoran, and Chihuahuan deserts formed as cool Pacific coastal 
currents and rain-shadow effects from surrounding mountains limited precipitation (Axelrod 
1983).  These deserts differ in their climatic regimes and the length of time they have 
experienced desert conditions, with the northern Great Basin and Mojave deserts being colder 
and the Mojave Desert being younger than the Sonoran and Chihuahuan deserts (Crosswhite and 
Crosswhite 1982, Medellin-Leal 1982, Axelrod 1983). These differences have led to distinctive 
floras in each desert (Axelrod 1983) and could potentially have led to unique evolutionary 
histories for the fauna residing therein as well. Combined, these deserts host 55 species of bats 
representing 28 genera and five families.  Bats perform many ecosystem services; in North 
American deserts, they feed on economically important insects, including crop pests, as well as 
serving as pollinators for multiple plant species (Jones et al. 2009a).  
Numerous studies have characterized community structure and resource partitioning of 
bat communities using morphology, echolocation, habitat use, dietary data, or some combination 
of these (e.g., Aldridge and Rautenbach 1987, Campbell et al. 2007, Goncalves da Silva et al. 




Figure 3.1: Maps of desert regions of North America showing only US and Mexican states 
containing biome13 of the World Wildlife Federation terrestrial ecosystem layers and variation 
in climatic variables across the deserts. “Mean temp.” is BIO1, the mean annual temperature 
represented as °C*10; “Temp. seas.” is BIO4, temperature seasonality; “Annual precip.” is 
BIO12, annual precipitation in millimeters; and “Precip. seas.” is BIO15, precipitation 
seasonality. 
communities were structured by deterministic processes, such as competition. However, few 
studies have compared observed patterns of bat community structure to those generated at 
random by a null model. Although some studies using null models found that structure of 
communities did not differ significantly from those assembled at random from a regional species 
pool (Willig and Moulton 1989, Arita 1997), others found high levels of variability in how well 
deterministic models fit data (Stevens and Willig 1999, 2000, Moreno et al. 2006). These 




communities, and incorporating a comprehensive approach including phylogenetic information 
could provide deeper insights and reconcile varying conclusions among studies.  
Previously, we examined PCS of all bat taxa in each desert individually and all of these 
deserts combined (Chapter 2). Overall we found significant phylogenetic clustering or a 
tendency toward phylogenetic clustering in all deserts and in individual deserts except for the 
Mojave, which was indistinguishable from randomly generated communities. This suggests that 
bat species forming communities in individual deserts are responding to arid conditions in 
similar ways. In the present study we focus on the influences of environmental and ecological 
characteristics on PCS at two spatial scales (all deserts combined and each desert separately) and 
three taxonomic scales (all bat taxa, members of the family Vespertilionidae, and members of the 
genus Myotis).  If ecological traits are significantly correlated with phylogeny, then phylogenetic 
distance can be used as a proxy for ecological distance. Additionally, if communities respond to 
harsh climates in similar ways, then the climatic variables correlated with PCS should be the 
same across spatial and taxonomic scales. 
METHODS 
Phylogeny and community data 
We used the “best tree” described in Chapter 2; it was inferred by maximum likelihood using 
mitochondrial cytochrome b and 12S-16S and nuclear RAG2 gene sequences (to be available on 
Dryad).We also used the same communities as Chapter 2. Briefly, bat capture and collection 
records were mapped in ArcGIS and combined in three ways so that all bats captured/collected 
within predetermined proximity constituted a community. Communities were defined by 1) 
drawing 5- and 10-km buffers around all capture/collection locations and combining data from 




combining data from all capture/collection records within each grid cell; and 3) drawing 50- and 
100-km circles around as many capture/collection points as possible without overlapping circle 
boundaries and combining data from all points within each circle.   While our previous study 
indicated that different community delimitation methods did not greatly impact PCS results, for 
the sake of completeness and direct comparability (Chapter 2), we include results for all 
community delimitation methods in the current study. 
Species pools 
Species pools were established across two different spatial scales: (1) all North American deserts 
and (2) species that occur in each of the large North American deserts. Both spatial scales were 
sampled at three taxonomic levels: (1) all species (these results were originally reported in 
Chapter 2 and are included here to present a more complete narrative), (2) all members of the 
family Vespertilionidae and (3) all members of the genus Myotis. This family and genus were 
chosen because they are the most species rich taxa within this region. The 15 species pools 
created by these combinations of spatial and taxonomic extent and number of taxa in each pool 
are summarized in Table 3.1.  
Table 3.1: Spatial extents and taxonomic scales used to create species pools for PCS metrics. 
Analyses at the level of all species at all scales are referred to as “all taxa”, while the Mojave 
species pool contains only species known to occur in the Mojave Desert and is referred to as “MJ 
taxa”, and Myotis from the Mojave are referred to as “MJ Myotis”. Numbers in parentheses 
indicate the number of taxa in each pool. (“all”= all deserts combined, “GB”= Great Basin 
Desert, “MJ”= Mojave Desert, “SN”= Sonoran Desert, “CH”= Chihuahuan Desert, “taxa”= all 
taxa, “vesp”= members of the family Vespertilionidae, “Myotis”= members of the genus Myotis)  
Spatial Extent 
 Taxonomic 
scale All deserts Great Basin Mojave Sonoran Chihuahuan 
All taxa 
All taxa 
(54) GB taxa (25) MJ taxa (25) SN taxa (39) CH taxa (46) 
Vespertilionidae All vesp 
(35) GB vesp (22) 
MJ vesp 
(21) SN vesp (23) CH vesp (30) 













Phylogenetic community structure metrics 
We calculated mean pairwise distance (MPD) and mean nearest taxon distance (MNTD) as in 
Chapter 2. We used the R package picante (Kembel et al. 2010) to calculate PCS metrics and 
obtain standardized effect size (SES-) z-values and p-values for each metric by comparing 
empirical values for each community to those from 10,000 communities randomly assembled 
from the appropriate species pool (Table 3.1) using the independent swap null model. We 
consider phylogenetically clustered communities to have p-values <0.05 and negative z-values 
while overdispersed communities have positive z-values and p-values >0.95. To determine 
overall significance of SES-MPD and SES-MNTD across communities, we used Fisher’s test of 
combined probabilities (Sokal and Rohlf 1995) for each community delimitation method for each 
species pool. 
Functional traits and environmental data 
Interpreting PCS results can be speculative. To aid our explanations, we collected ecological trait 
data for species in the regional pool and environmental data for each community. Data on wing 
aspect ratio, wing loading, mass, total length, head and body length, tail length, hind foot length, 
ear length, diet, niche breadth, and litter size were gathered from PanTHERIA (Jones et al. 
2009b), our own data, and other sources (to be available on Dryad). We performed a Mantel test 
(based on Pearson’s product-moment correlation; significance based on 10,000 permutations) 
between the phylogenetic distance matrix and a Euclidean distance matrix of log-transformed 
ecological traits using the R package vegan (Oksanen et al. 2010) for each taxonomic scale. 
Annual mean temperature (BIO1; represented as °C*10), temperature seasonality (BIO4; 
standard deviation*100), annual precipitation (BIO12; in millimeters), and precipitation 




(Figure3.1; Hijmans et al. 2005). Mean values for each community for each environmental 
variable were calculated using the Zonal Statistics as Table function in ArcGIS v. 9.3. These data 
will also be available on Dryad Digital Repository. Pearson’s product moment correlation 
coefficients were calculated for SES-MPD and SES-MNTD and each environmental variable for 
each community delimitation method for each species pool to determine if there was a significant 
relationship between environment and PCS. 
RESULTS 
Phylogenetic community structure 
Individual communities range from significantly phylogenetically overdispersed to significantly 
phylogenetically clustered (Appendix IV: Tables S1-S5). Because we were more interested in 
examining overall patterns of PCS, we will only discuss the results of Fisher’s combined 
probability tests (Figure 3.2). The results for the largest taxonomic scale (all taxa; results 
summarized in the upper portion of Figure 3.2) were described in detail in Chapter 2 but are 
included here to facilitate comparisons.  
Phylogenetic community structure analyses for vespertilionids in all deserts combined 
(“all vespertilionids” species pool) indicate that only some delimitation methods (10km buffer, 
10km grid, 50km circle) were significantly clustered for MPD while all other delimitation 
methods and all MNTD communities exhibited structure that was not significantly different from 
randomly assembled communities but tended toward phylogenetic clustering (Figure 3.2, 
Appendix IV: Table S1). When just Myotis were considered, all metrics and delimitation 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Communities of vespertilionids in each desert were not significantly different from 
random but tended to be phylogenetically clustered (Figure 3.2, Appendix IV: Tables S1-S5). 
Patterns of PCS for Myotis differed between deserts. Both metrics for Great Basin Desert Myotis 
indicated communities tended toward or were significantly overdispersed for most delimitation 
methods. Results for Sonoran and Chihuahuan Desert Myotis indicate phylogenetic clustering for 
SES-MPD but were not significantly different from random for SES-MNTD (Figure 3.2, 
Appendix IV: Tables S5-S8). Mojave Desert Myotis communities were not significantly different 
from random (Figure 3.2, Appendix IV: Table S3).   
Functional traits and environmental data 
Ecological traits and phylogenetic distance were positively correlated for the three taxonomic 
scales considered (Table 3.2). PCS was positively correlated with mean annual temperature 
(BIO1) at the largest spatial scale regardless of taxonomic scale. PCS metrics also increase with 
increasing temperature for Great Basin taxa and vespertilionids. Additionally, Sonoran SES-
MPD increases with increasing temperature for all three taxonomic scales but was not significant 
for all delimitation methods (Appendix IV: Table S6). Temperature seasonality (BIO4) was 
significantly negatively correlated with PCS for all three taxonomic scales in all deserts and for 
Sonoran Myotis (Appendix IV: Table S7). Annual precipitation (BIO12) was not consistently 
correlated with SES-MPD or SES-MNTD (Appendix IV: Table S8). Mean precipitation 
seasonality (BIO15) was positively correlated with PCS metrics at the largest spatial scale but 
there was no discernible pattern for individual deserts Appendix IV: (Table S9).    
Table 3.2: Results of Mantel tests between phylogenetic distance and ecological traits. 
Taxon Mantel statistic p-value 
All taxa 0.598 <0.001 
Vespertilionidae 0.417 <0.001 





We found that bat communities tend to be phylogenetically clustered, or made up of closely 
related species, to a greater degree at the largest spatial scale and to a lesser degree at smaller 
spatial and taxonomic scales. This nonrandom pattern suggests that deterministic processes were 
involved in community assembly. This is further supported by strong correlation between 
phylogeny and ecological traits as well as between PCS metrics and temperature and, to a lesser 
extent, seasonality. 
Previous work has shown that there is often a relationship between environmental 
variables and PCS metrics but the importance of individual environmental variables varies by 
taxon and region. For example, precipitation is correlated with PCS in Australian honeyeaters 
(Miller et al. 2013); temperature is related to PCS in ants (Machac et al. 2011), Australian 
vertebrates  (Lanier et al. 2013), and Himalayan leaf warblers (Ghosh-Harihar 2014); light for 
Minnesota plants (Willis et al. 2010);  and a suite of environmental factors were significantly 
correlated with PCS for alpine tundra plants (Spasojevic and Suding 2012), grassland plants 
(Soliveres et al. 2012), and antbirds (Gómez et al. 2010). 
Functional traits and environmental characteristics 
In this study system, phylogeny reflects not only evolutionary history of our focal taxa, but also 
ecology (Table 3.2). This means that phylogenetically clustered communities were made up of 
species that had similar ecological traits while phylogenetically overdispersed communities 
contained species that had dissimilar ecological traits. These results suggest that traditional 
interpretations of PCS are applicable to North American desert bats. A more thorough 




In this study system, some environmental factors were significantly correlated with PCS 
metrics at particular spatial and taxonomic scales, suggesting their importance in community 
assembly. Significant positive correlations between PCS metrics and the climatic variables mean 
annual temperature (BIO1; all deserts, the Sonoran desert, and Great Basin taxa and 
vespertilionids) and precipitation seasonality (BIO15; all deserts) indicates that more clustered 
communities tend to occur where annual temperatures and precipitation seasonality are lower 
while more overdispersed communities tend to occur where annual temperatures and 
precipitation seasonality are higher (Figure 3.3, Appendix IV: Tables S6 and S9). Significant 
negative correlations between PCS and temperature seasonality (BIO4; all deserts and 
Chihuahuan Myotis) indicated that more clustered communities occurred in areas of high 
temperature seasonality while more overdispersed communities tend to occur where 
temperatures are more constant (Figure 3.3, Appendix IV: Table S7). Annual precipitation is not 
significantly correlated with PCS, suggesting minimal importance in community structure 
(Appendix IV: Table S8). Previous studies have found similar significant correlations between 
PCS and environmental variables suggesting a general pattern of phylogenetic clustering in harsh 
conditions and overdispersion in milder conditions (e. g., Anderson et al. 2011, Spasojevic and 
Suding 2012, Miller et al. 2013, Stevens and Gavilanez in review). “Harsh” conditions would be 
those posing greater physiological challenges to maintaining homeostasis for the focal taxa 
whereas “mild” conditions would allow homeostasis to be more easily maintained. 
It is somewhat surprising that annual precipitation and precipitation seasonality were not 
significantly correlated with PCS as other authors (Patten 2004, McCain 2007) have shown them 
to predict bat species richness. While species richness does not necessarily predict PCS, one 
explanation for the difference between our results and Patten’s (2004) is that vespertilionids  
  
Figure 3.3: Schematic diagram illustrating positive (solid line) and negative (dashed line) 
correlations between PCS metrics and environmental variables.
(species richness driven by temperature; Patten 2004)
is driven by precipitation; Patten 2004)
Spatial and taxonomic scale 
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consistent with these expectations: at the largest spatial and taxonomic scales, there was a 
tendency for phylogenetic clustering while this tendency decreased at smaller scales (Figure 3.2, 
Appendix IV: Tables S1-5, Chapter 2). Interestingly, climatic variables correlated with PCS also 
varied with spatial and taxonomic scale (Appendix IV: Tables S6-9) indicating that environment 
may have a great impact on community structure at some scales but not at others.  
Phylogenetic community structure of desert bat communities 
At the largest spatial scale (i.e., all deserts) there is an overall tendency for phylogenetic 
clustering at all taxonomic scales (Figure 3.2). The traditional explanation for this pattern is that 
habitat filtering is important for structuring communities. Based on ecological traits and 
environmental data, we suggest that this is the case. The correlation between PCS and 
temperature (BIO1, positive correlation, Appendix IV: Table S6) and temperature seasonality 
(BIO4, negative correlation, Appendix IV: Table S7) indicates that communities in colder areas 
with more seasonal temperature variation tend to be phylogenetically clustered while 
communities in warmer, more thermally stable areas tend to be less phylogenetically clustered 
(Figure 3.3). Precipitation seasonality (BIO15) was also positively correlated with PCS metrics 
contrary to our expectations; clustered communities tend to experience less variable precipitation 
(Figure 3.3, Appendix IV: Table S9). That annual precipitation was not correlated with PCS 
metrics may suggest that overall, temperature is of overriding importance of the variables we 
examined. This perhaps is not surprising given that thermoregulation is important for bats with 
many species resorting to torpor or migration given unfavorable weather conditions. Species that 
may not typically utilize these strategies, such as members of the family Phyllostomidae, may 




Interestingly, while individual deserts (except the Mojave) tend to share similar patterns 
of community structure for all taxa and vespertilionids, each have unique correlation patterns in 
relation to the climatic variables we examined. Great Basin taxa and vespertilionids tended to be 
phylogenetically clustered and their PCS metrics were significantly positively related to 
temperature (BIO1; Appendix IV: Table S6); this is perhaps unsurprising given that there is a 
much broader range of temperatures in this desert compared to the others (Figure 3.1). However, 
the genus Myotis tended to be phylogenetically overdispersed and was uncorrelated with any 
environmental factor (Figure 3.2, Appendix IV: Tables S6-S9). This suggests the possibility that 
interspecific interactions may be more important than habitat filtering in structuring these 
taxonomically restricted communities.   
Mojave vespertilionids and Myotis communities were not significantly different from 
randomly assembled communities and were not correlated with any climatic variables examined 
(Figure 3.2, Appendix IV: Tables S6-S9; Chapter 2). These observations defy ready explanation, 
but one possibility is that this smallest desert has relatively uniform, albeit harsh, conditions 
(Fig.3.1) such that individual communities were assembled randomly from a species pool that 
had already been filtered to contain only those species physiologically capable of surviving the 
area. 
Sonoran communities at all taxonomic scales tend to be phylogenetically clustered 
(although this tendency is lessened in Myotis, Figure 3.2) and are significantly positively 
correlated with mean temperature (BIO1, Appendix IV: Table S6) again suggesting that 
phylogenetically clustered communities tend to be in harsher environments while less clustered 




Similar to the Sonoran Desert, Chihuahuan communities at all three taxonomic scales 
tend to be phylogenetically clustered (Figure 3.2). However, none of the environmental variables 
examined (Appendix IV: Tables S6-S9) were significantly correlated with PCS with the 
exception of temperature seasonality which is significantly negatively correlated in Myotis 
(BIO4, Appendix IV: Table S7). While the Chihuahuan Desert exhibits the most variation in 
temperature seasonality of the four deserts examined here with the northern reaches much more 
thermally variable than the southern region (Figure 3.1), communities containing three or more 
Myotis species were almost exclusively restricted to the northern reaches of this desert (data 
available on the Dryad Digital Repository). More southerly communities contained Myotis 
species, which were included in the Chihuahuan Myotis species pool (Table 3.1), but were not 
actually present in most Chihuahuan Myotis communities, thereby inflating the species pool 
against which these communities were compared, so potentially leading to the observed pattern 
of significant phylogenetic clustering. Even with these caveats, clustered communities of Myotis 
tend to be found in areas of high temperature seasonality while less clustered communities tend 
to occur in areas of low temperature seasonality (Figure 3.3). 
Our results are the first to show that North American bat communities are indeed 
significantly structured over a large area, not just random assortments of species from the 
regional pool. Based on echolocation call frequency, wing shape, diet, habitat preferences, and 
temporal activity, previous work has found evidence that bats can partition similar resources by 
making use of slightly different foraging strategies, thereby reducing interspecific competition 
(e.g. Black 1974, Findley 1976, Findley and Black 1983, Aldridge and Rautenbach 1987, 




from the regional species pool or that simplistic models fit these data poorly (e.g. Schum 1984, 
Willig and Moulton 1989, Arita 1997, Stevens and Willig 1999, Cardillo et al. 2008).  
Phylogenetic clustering, the pattern we observed most frequently in this study system, has 
typically been interpreted as indicating habitat filtering has structured communities if traits 
important to coexistence are phylogenetically conserved (Emerson and Gillespie 2008). Mayfield 
and Levine (2010) proposed, alternatively, that phylogenetic clustering may indicate competition 
if species possess phylogenetically conserved traits that allow them to out compete more 
distantly related species lacking those traits. Another alternative explanation is that traits 
important to coexistence are not phylogenetically conserved such that phylogenetically clustered 
communities are morphologically overdispersed, potentially indicative of competition structuring 
communities. Here, Myotis is suspected to have undergone convergent evolution multiple times 
(Ruedi and Mayer 2001, Stadelmann et al. 2007), potentially undermining traditional 
interpretations of PCS patterns. However, since ecological traits are significantly correlated with 
phylogenetic distance regardless of taxonomic scale (Table 3.2), the former alternative 
explanation may be more plausible than the latter; we are examining these questions more 
directly in an upcoming contribution.  Despite these alternative explanations, we suggest that the 
conventional interpretation of phylogenetic clustering is applicable in this study system based on 
significant correlations between PCS and environmental variables: overall, desert bat 
communities seem to be structured predominantly by habitat filtering. A previous study of bat 
PCS in Bavaria has also observed phylogenetically clustered communities with bat species being 
filtered by anthropogenic habitat disturbance (Riedinger et al. 2012). 
Our results also suggest that while overall patterns of PCS were similar among deserts, 




3.3, Appendix IV: Tables S6-S9). These deserts, while all harsh, do not necessarily each present 
organisms with the same ecological challenges. This is evidenced by the plant communities 
unique to each desert (Shreve 1942) but has not been demonstrated in bat communities before. 
This indicates that ecological pressures impacting the bat communities in these regions differ 
although the resultant PCS patterns appear to be the same. These differences in environmental 
patterns among deserts may perhaps stem from constriction of desert ecosystems in western 
North America during the last glacial maximum (Adams 1997). This would likely have 
concomitantly restricted the ranges of desert bat communities in disparate geographical areas 
with potentially unique climatic regimes influencing the species residing there. As deserts 
expanded after the last glacial maximum to their current extents (Adams 1997), so too would 
desert bats expand across the landscape. We may be observing the influence of these differing 
climatic refugia on the bat communities now living in these expanded deserts. We would not 
have been able to tease apart the climatic drivers of community structure had we not examined 
multiple spatial and taxonomic scales.  
CONCLUSIONS 
Patterns of PCS at different spatial and taxonomic scales previously described by other authors, 
namely tendency towards clustering at large scales which decreases at small scales, were 
observed in our study system. The overall consistency of these patterns across deserts suggests 
that bat communities may respond similarly to ecological pressures and indicates that habitat 
filtering is important in community assembly.  In this study system, phylogeny was a good proxy 
for ecological traits and phylogenetically clustered communities tended to occur in harsher 




taxonomic scales in the same ways suggesting that while the observed patterns of PCS were 
similar, the evolutionary and ecological routes may be different.  
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CHAPTER 4  
MORPHOLOGICAL COMMUNITY STRUCTURE OF NORTH AMERICAN DESERT 
BATS: ASSESSING PHYLOGENETIC SIGNAL IN MORPHOLOGICAL TRAITS AND 
COMPARISON WITH PHYLOGENETIC COMMUNITY STRUCTURE 
 
INTRODUCTION 
Ecomorphology was traditionally used by ecologists to understand how organisms function 
within their niche (Ricklefs and Miles 1994). Using functional traits or morphology to elucidate 
community assembly processes has enjoyed a revival of sorts over the past decade (McGill et al. 
2006). Morphological distance can be used to estimate resource partitioning (Hespenheide 1973), 
so investigating how morphologically similar members of a community are to each other can 
provide insights into the ecological processes structuring that community. However, this 
provides relatively little information on evolutionary patterns that may also be structuring a 
community. Phylogeny can represent a general estimate of overall phenotype that includes 
information such as life history, behavior, and environmental tolerances (Webb 2000). Well 
resolved phylogenies for an increasing number of taxa used in combination with trait data and 
null models have allowed researchers to explicitly test ecological and evolutionary hypotheses. 
One approach is to investigate phylogenetic community structure (PCS) to determine if species 
found in a community are more (phylogenetically clustered) or less (phylogenetically 
overdispersed) related to each other than expected by chance. These patterns may suggest that 
environmental filtering or competition, respectively, have structured such communities.  
Communities made up of morphologically clustered species may be experiencing 
environmental filtering while morphologically overdispersed communities may be structured by 
competition. For organisms with evolutionarily labile phenotypes, such as Anolis lizards (Losos 
et al. 1998) and Myotis bats (Ruedi and Mayer 2001, Stadelmann et al. 2007), phylogeny and 




phylogenetic signal, which is the tendency for closely related species to possess characteristics 
more similar to each other than more distantly related species (Losos 2008).  Evolutionarily 
labile phenotypes and convergent evolution could lead to communities that are morphologically 
overdispersed and phylogenetically clustered, or morphologically clustered and phylogenetically 
overdispersed (Webb et al. 2002, Emerson and Gillespie 2008, Losos 2008). However 
phylogenetic signal is often assumed of clades without substantiation (Webb 2000, Losos 2008). 
This assumption has been recently challenged (Losos 2008). To accurately infer the processes 
producing patterns of community structure, ecological traits, including morphology, should be 
examined in conjunction with phylogenetic distance.  
 We focus on bats occurring in the four desert regions of North America. The Great Basin, 
Mojave, Sonoran, and Chihuahuan deserts differ in age and floral assemblages (Shreve 1942) but 
were all formed by the combined forces of rain shadow effects of surrounding mountains and 
cool Pacific ocean currents (Axelrod 1983). These deserts host 56 species or subspecies of bats 
in 28 genera and five families. Bats have the most diverse feeding habits of all mammals and 
perform many ecosystem functions (Jones et al. 2009); in these deserts the majority of species 
are insectivorous, feeding on economically important insects (Cleveland et al. 2006, Jones et al. 
2009), or nectarivorous (4 species), that pollinate several important plant species (Jones et al. 
2009). In addition, a frugivore, a piscivore, and two sanguivores have been found infrequently in 
the southern reaches of the Chihuahuan and Sonoran Deserts.  This study system is ideal to test 
how PCS corresponds to morphological community structure (MCS); of the 55 species of bats in 
this region, 33 belong to the family Vespertilionidae, and 14 of these vespertilionid species 
belong to the genus Myotis. As previously mentioned, Myotis is suspected to have gone through 




we can determine what if any impact potential convergence has on traditional interpretations of 
PCS and MCS.  
Morphological investigations of animal communities typically focus on structures used in 
locomotion or feeding (Hespenheide 1973). For bats, these structures are the wing and skull 
(Swartz et al. 2003). Wing morphology plays a large role in determining how bats forage. Bats 
with short broad wings are highly maneuverable (similar to fighter jets), whereas bats with long 
narrow wings are efficient long-distance fliers (similar to passenger airplanes; Norberg and 
Rayner 1987). Skull morphology varies with diet. For example, bats that eat hard foods (such as 
beetles) tend to have more robust, stronger cranial structures than bats that eat softer foods (e.g., 
moths; Freeman 1981a, b, Gannon and Racz 2006). Most studies of morphological similarity 
among co-occurring bats have described patterns suggesting that competitive interactions 
structure these communities (e.g. Findley 1976, Findley and Black 1983, Aldridge and 
Rautenbach 1987, Barlow et al. 1997, Aguirre et al. 2002, Rhodes 2002, Campbell et al. 2007, 
York and Papes 2007). However, none have interpreted their results in the context of 
phylogenetic community structure.  
 Previous work on PCS of North American desert bats has indicated a general tendency 
for phylogenetic clustering at the largest spatial or taxonomic scales that becomes less 
pronounced at smaller scales (Chapters 2 and 3). We have also demonstrated that PCS metrics 
are correlated with climatic variables, indicating that communities in environmentally harsher 
areas are made up of species that are more closely related to each other than those in 
communities in less harsh environments (Chapter 3). These results suggest that habitat filtering 




signal, this interpretation of observed pattern may be suspect (Emerson and Gillespie 2008, 
Losos 2008).  
 Our objective in this study is to investigate whether North American desert bat 
communities are made up of morphologically similar species (indicating habitat filtering), 
morphologically dissimilar species (competition), or are not different from communities 
assembled randomly from the local spceis pool. To date, nearly all studies of bat community 
structure have found either no structure or evidence for competition; only 3 have suggested 
habitat filtering (Riedinger et al. 2012, Chapters 2 and 3). We test whether MCS corresponds 
with PCS and quantify the strength of phylogenetic signal in the traits we measured. A strong 
positive correlation between phylogeny and morphology would indicate that morphological traits 
exhibit phylogenetic signal while a strong negative correlation would indicate that morphological 
traits are convergent (Davis 2005, Losos 2008). At the largest taxonomic scale (all bats), we 
expect that morphology will exhibit more phylogenetic signal than at the smallest taxonomic 
scale (the genus Myotis) because this genus is suspected to have undergone convergent evolution 
multiple times (Ruedi and Mayer 2001, Stadelmann et al. 2007). 
METHODS 
Community data 
Communities were those used in Chapter 2; data will be submitted to Dryad. Capture and 
collection records were obtained from a variety of sources and mapped using GIS. Data with 
identical coordinates within deserts as defined by the World Wildlife Federation’s terrestrial 
ecosystem layers (biome13; Olson et al. 2001) were combined and used to delimit communities 
in 3 ways: 1) buffers with radii of 5 and 10km were drawn around each capture/collection 




create a community.  2) Grids with cells 10x10 and 50x50km were overlaid on the map and data 
from capture/collection locations that fell within the same cell were combined. 3) Finally, circles 
with diameters of 50 and 100km were placed on the map to encompass as many 
capture/collection locations as possible, but at least four; data from capture/collection locations 
falling within the same circle were combined. The richness estimator Chao1 (Colwell 2009, 
Oksanen et al. 2010b) was calculated for each community using the R package vegan (Oksanen 
et al. 2010a) to ensure that only adequately sampled communities were used in subsequent 
analyses; communities containing three or more species were considered adequately sampled if 
observed species richness fell within the 95% confidence interval of the estimator. 
Morphological traits 
Ten males and ten females (or all available specimens if fewer than 20 were available) of each 
bat species occurring in North American deserts were measured with digital calipers. 
Measurements taken from each specimen are illustrated in Figure 4.1 and specimens examined 
can be found in Appendix V. When possible, we measured specimens collected from desert 
regions to account for the possible effects of morphological plasticity. The log-transformed mean 
of each trait for each species was used in the following analyses. 
Species pools 
We delimited several species pools to determine if observed community values differed from 
values generated by randomly assembling communities from species found in the appropriate 
pool. We used pools identical to those in Chapters 2 and 3 except that Eumops underwoodi was 
included in the present study (excluded previously due to lack of genetic material). We delimited 
pools that differed in spatial and taxonomic extent: 1) all North American deserts combined and  
 
  
Figure 4.1: Skull and wing measurements taken from each specimen.
each measurement can be found in [1] Freeman 
(2013), [3] van Zyll de Jong (1979)
[1], 2=greatest skull length maxilla [2], 3=rostrum length premaxilla (this study; from cribiform 
plate anteriormost point of maxillary bone)
canine [1], 6=length of temporal fossa [2], 7=height of braincase [1], 8=breadth at mastoids [1], 
9=breadth of braincase [1], 10=rostrum width [1], 11=postorbital width [1], 12=width at upper 
canines [1] , 13=length of maxillary toothrow [1], 14=length of upper molar row [2], 15=length 
of M3 [1], 16=length M2 [2], 17=width of M3 [1], 18=width M2 [2], 19=intermolar breadth [2], 
20=palatal length (premaxillary) [1], 21=palatal length maxilla (this study; f
border of the hard palate to the anterior border of the maxillary bone) , 22=zygomatic breadth 
[1], 23=width at anterior pterygoids [1], 24=width at posterior pterygoids [1], 25=condylocanine 
length [1], 26=dentary length [1], 27=height o
29=length of lower tooth row [1], 30=dentary thickness [2], 31=length of condyle to M1 [1], 
32=rostral width immediately posterior to canines [3], 33=palatal width at P2 [3], 34=basal width 
of upper canine at the cingulum [3], 35=height of coronoid process [4], 36=distance from 
angular process to coronoid [4], 37=distance from articular process to angular process [4], 
38=distance from coronoid process to articular process [4], 39=total toothrow length [4], 
40=condylobasal length [2], 41=len
43=length of third metacarpal first phalanx [1], 44=length of third metacarpal second phalanx 
[1], 45=length of third metacarpal third phalanx and tip [1], 46=length of fo
47=length of fourth metacarpal first phalanx [1], 48=length of fourth metacarpal second phalanx 
[1], 49=length of fifth metacarpal [1], 50=length of fifth metacarpal first phalanx [1], 51=length 
of fifth metacarpal second phalanx [1].
b=digit 4 [1], c=digit 5 [1], d=aspect ratio [1], 




 Detailed descriptions of 
(1981b), [2] Patrick, McCulloch, and Ruedas
, or [4] Gannon and Racz (2006). 1=greatest length of skull 
, 4=rostrum length maxilla [2], 5=height of the upper 
rom the posterior 
f coronoid [1], 28=height of lower canine [1], 
gth of forearm [1], 42=length of third metacarpal [1], 
urth metacarpal [1], 
 Other variables not shown on the figure are 
e=tip index [1], f=digit 3 divided by digit 5 [1], 
 




2) individual deserts as well as a) all bat taxa in North American deserts, b) only members of the 
family Vespertilionidae, and c) only members of the genus Myotis. 
Data analyses 
To characterize the distribution of species in morphological space, we calculated mean pairwise 
distance (MPD; Webb 2000, Webb et al. 2002) and mean nearest taxon distance (MNTD; Webb 
2000, Webb et al. 2002) for each community. MPD is the mean distance between all pairs of 
species in a particular community while MNTD is the mean distance to the nearest species 
within a particular community. These metrics were calculated in the R package picante (Kembel 
et al. 2010) using a Euclidean distance matrix derived from the morphological data. These 
observed values were then compared to 10,000 communities generated randomly using the 
independent swap null model drawing species from the appropriate pool in order to obtain 
standardized effect size (SES) z- and p-values. Kembel (2009) has shown that this null model 
performs well in distinguishing community assembly processes. Communities that have positive 
z-values and p-values >0.95 are considered to be significantly overdispersed while communities 
with negative z-values and p-values <0.05 are considered to be significantly clustered when 
α=0.10. MPD and MNTD were calculated from distance matrices containing both skull and wing 
data combined (hereafter referred to as “both”), just skull data, and just wing data. In order to 
assess overall trends, Fisher’s test of combined probability (Sokal and Rohlf 1995) was 
calculated for SES-MPD and SES-MNTD for each community delimitation method for each 
species pool. 
 To determine if our MCS results were correlated with PCS results presented in Chapters 




MNTD z-values, respectively, from the phylogenetic and morphological datasets for the 
appropriate pools and community delimitation method. 
 Finally, to determine if the traits we measured exhibited phylogenetic signal we 
performed Mantel tests (based on Pearson’s product-moment correlation; significance based on 
10000 permutations) between phylogenetic and morphological distance matrices using the 
package vegan (Oksanen et al. 2010a), which tests for phylogenetic signal in suites of traits as 
well as individual traits (Hardy and Pavoine 2012). The Euclidean distance matrices described 
above for “both”, skull, and wing datasets were analyzed with the phylogenetic distance matrix 
for each spatial and taxonomic scale. A significant positive test statistic indicates that the trait(s) 
exhibit phylogenetic signal indicating closely related species are morphologically similar, while 
no significant correlation indicates that the traits in question lack signal, indicating no 
relationship between phylogenetic distance and morphological distance. Plotting phylogenetic 
distance against morphological distance allows for visual exploration of these relationships 
(Losos 2008, Hardy and Pavoine 2012); we created distograms for species pools of interest 
consisting of all pairwise morphological distances among species plotted against all pairwise 
phylogenetic distances among species. 
RESULTS 
Morphological community structure 
Across all combinations of spatial and taxonomic species pools and community delimitation 
methods, individual communities ranged from significantly clustered (more morphologically 
similar than expected by chance) to significantly overdispersed (less morphologically similar 
than expected by chance), although the majority of individual communities were not 




Since we are more interested in the overall patterns of morphological community structure, we 
will focus on the results of the Fisher’s test of combined probabilities. In order to increase clarity 
and brevity, we only present results for 10km grid communities in the main text; results for all 
community delimitation methods can be found in Appendix VI (Tables S1-18, Figures S1-3). 
 When individual communities were compared to random ones assembled from all taxa 
occurring in all deserts SES-MPD and SES-MNTD were significantly clustered for skull, wing, 
and “both” datasets as well as for SES-MPD for Myotis for “both” and skull datasets (Figure 
4.2). Communities consisting of vespertilionids from all deserts were not significantly different 
from randomly assembled communities, nor were Myotis SES-MNTD communities (Figure 4.2). 
Great Basin taxa were significantly clustered for “both” data, but were not significant when the 
data were parsed into wing or skull measurements or by taxa (Figure 4.2). There was a trend 
toward overdispersion in the Great Basin measured by SES-MPD at all taxonomic levels for 
skull data, for vespertilionids and Myotis for “both”, and for SES-MNTD for vespertilionids and 
Myotis skull data (Figure 4.2). Mojave Desert communities were not significantly different from 
random no matter the dataset or taxonomic scale, although skull and “both” datasets tended 
toward overdispersion for SES-MPD for Myotis and toward clustering for SES-MNTD for all 
taxa and vespertilionids (Figure 4.2). Overall, Sonoran bat communities tended to be clustered 
but not significantly except for SES-MPD and SES-MNTD for all taxa for wing and “both” 
datasets and SES-MNTD for skull for all taxa and wing for vespertilionids (Figure 4.2). 
Chihuahuan desert communities were not significantly different from random communities. 
However, there was a tendency toward clustering for SES-MPD for all taxa for all datasets, for 











Basin Mojave Sonoran Chihuahuan 
Skull and 
wing 
All 0.008 0.000 0.635 0.034 0.165 
Vespertilionidae 0.472 0.802 0.613 0.244 0.616 
Myotis 0.041 0.705 0.808 0.127 0.419 
Skull 
All 0.011 0.843 0.431 0.136 0.223 
Vespertilionidae 0.390 0.840 0.341 0.376 0.518 
Myotis 0.026 0.786 0.720 0.145 0.255 
Wing 
All 0.003 0.263 0.618 0.003 0.115 
Vespertilionidae 0.608 0.495 0.653 0.073 0.756 







Basin Mojave Sonoran Chihuahuan 
Skull and 
wing 
All 0.004 0.000 0.267 0.003 0.416 
Vespertilionidae 0.283 0.533 0.285 0.071 0.714 
Myotis 0.326 0.504 0.605 0.329 0.808 
Skull 
All 0.005 0.639 0.172 0.007 0.378 
Vespertilionidae 0.236 0.730 0.091 0.053 0.648 
Myotis 0.174 0.731 0.491 0.355 0.464 
Wing 
All 0.002 0.096 0.394 0.006 0.197 
Vespertilionidae 0.332 0.295 0.555 0.042 0.774 












Figure 4.2: Fisher’s combined probability test p-values for all species pools and 10km grid 
communities for all three morphological datasets, color-coded by significance. Clustered 
communities contain morphologically similar species while overdispersed communities consist 
of morphologically dissimilar species.  (a) SES-MPD results. (b) SES-MNTD results.
there was a tendency toward overdispersion for SES-MNTD in vespertilionids and Myotis for 
“both” data as well as for SES-MPD and SES-MNTD for wing data (Figure 4.2). 
Correlation between morphological and phylogenetic community structure 
Overall, PCS and MCS metrics were positively correlated (Table 4.1). In all deserts, all metrics 




Great Basin and Mojave Deserts, all metrics and datasets were significantly correlated except for 
Myotis (Table 4.1). Sonoran Desert vespertilionid MCS and PCS were significantly correlated 
for all datasets and both metrics while Myotis wing MCS was correlated with PCS for both 
metrics, as was SES-MNTD for Myotis “both” data (Table 4.1). Chihuahuan taxa and 
vespertilionid MCS were significantly correlated with PCS for all datasets, as were SES-MPD 
for Myotis skull and combined datasets (Table 4.1). 
Phylogenetic signal in morphological traits 
Overall, we found evidence of phylogenetic signal in “both”, skull, and wing datasets at all taxa 
and vespertilionid taxonomic scales and all spatial scales as indicated by significantly positive 
Mantel test statistics (Table 4.2) and positive relationship between pairwise phylogenetic and 
morphological distances (Figure 4.3, a-b). Sonoran, Chihuahuan, and all-desert Myotis also 
exhibited significant phylogenetic signal for all datasets (Table 4.2, Figure 4.3, c), while Great 
Basin and Mojave Myotis did not. However, removing M. vivesi from the all-desert Myotis 
“both” data matrix resulted a lack of phylogenetic signal (Mantel’s r= 0.1409; p-value= 0.154; 
Figure 4.3, d). 
When analyzed separately in Mantel tests, most individual traits exhibited phylogenetic 
signal (Table 4.3). Two traits did not exhibit signal for all taxa, twelve traits did not exhibit 
signal in vespertilionids, and three traits showed no phylogenetic signal for Myotis (Table 4.3). 
DISCUSSION 
Overall we find little evidence that communities were made up of species that are more or less 
morphologically similar than expected by chance. PCS correlated with MCS for all taxa and 
vespertilionids, but Myotis showed no consistent pattern. Phylogenetic signal was present for 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 4.3:  Distograms of pairwise phylogenetic distances and pairwise morphological distances 
using the “both” dataset for all species pairs occurring in a given species pool:  a) All-desert 
taxa; b) All-desert vespertilionids; c) All-desert Myotis; d) All-desert Myotis excluding the 



















































































































Table 4.3: Results of Mantel tests performed using distance matrices for individual traits at each 
taxonomic level examined at the all-desert spatial scale. Trait numbers correspond to traits in 
Figure 4.1. Shaded cells highlight p-values >0.05, indicating non-significant phylogenetic signal.
All taxa All vespertilionids All Myotis 
Trait Mantel's r p-value Mantel's r p-value Mantel's r p-value 
1 0.107 0.037 0.277 0.002 0.495 0.019 
2 0.173 0.002 0.243 0.003 0.492 0.018 
3 0.401 0.000 0.179 0.035 0.567 0.003 
4 0.275 0.000 0.213 0.026 0.627 0.000 
5 0.263 0.000 0.202 0.025 0.562 0.002 
6 0.265 0.000 0.325 0.000 0.051 0.299 
7 0.102 0.066 0.297 0.001 0.491 0.019 
8 0.388 0.000 0.103 0.166 0.478 0.013 
9 0.358 0.000 0.212 0.018 0.537 0.008 
10 0.385 0.000 0.138 0.079 0.486 0.011 
11 0.464 0.000 0.185 0.023 0.507 0.006 
12 0.424 0.000 0.189 0.034 0.547 0.006 
13 0.318 0.000 0.242 0.005 0.576 0.001 
14 0.469 0.000 0.412 0.000 0.459 0.030 
15 0.148 0.013 0.339 0.000 0.434 0.025 
16 0.149 0.013 0.353 0.001 0.548 0.002 
17 0.285 0.000 0.285 0.001 0.461 0.034 
18 0.142 0.013 0.300 0.001 0.582 0.001 
19 0.459 0.000 0.195 0.018 0.504 0.009 
20 0.301 0.000 0.308 0.001 0.500 0.017 
21 0.421 0.000 0.112 0.141 0.451 0.031 
22 0.179 0.003 0.193 0.025 0.528 0.005 
23 0.166 0.011 -0.024 0.592 0.351 0.031 
24 0.433 0.000 0.106 0.156 0.542 0.004 
25 0.373 0.000 0.137 0.084 0.516 0.006 
26 0.223 0.000 0.205 0.014 0.513 0.014 
27 0.424 0.000 0.229 0.010 0.591 0.002 
28 0.242 0.001 0.174 0.050 0.484 0.022 
29 0.293 0.000 0.198 0.023 0.497 0.007 
30 0.365 0.000 0.125 0.105 0.515 0.007 
31 0.321 0.000 0.157 0.043 0.508 0.003 
32 0.385 0.000 0.178 0.033 0.487 0.011 
33 0.229 0.000 0.132 0.096 0.490 0.006 
34 0.035 0.281 0.153 0.063 0.091 0.259 
35 0.304 0.000 0.185 0.039 0.491 0.006 
36 0.238 0.001 0.205 0.021 0.520 0.003 
37 0.161 0.004 0.259 0.003 0.530 0.003 
39 0.140 0.014 0.357 0.000 0.506 0.005 
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All taxa All vespertilionids All Myotis 
Trait Mantel's r p-value Mantel's r p-value Mantel's r p-value 
40 0.390 0.000 0.127 0.061 0.428 0.013 
41 0.169 0.002 0.215 0.009 0.495 0.015 
42 0.129 0.020 0.374 0.374 0.502 0.006 
43 0.446 0.000 0.421 0.000 0.478 0.021 
44 0.142 0.012 0.378 0.000 0.517 0.015 
45 0.189 0.001 0.351 0.000 0.317 0.061 
46 0.604 0.000 0.235 0.009 0.510 0.014 
47 0.107 0.037 0.302 0.001 0.508 0.015 
48 0.116 0.039 0.359 0.000 0.501 0.028 
49 0.317 0.000 0.143 0.074 0.530 0.003 
50 0.262 0.000 0.361 0.000 0.525 0.018 
51 0.297 0.000 0.110 0.158 0.521 0.006 
a 0.202 0.001 0.167 0.039 0.505 0.009 
b 0.173 0.001 0.294 0.001 0.507 0.026 
c 0.175 0.011 0.456 0.000 0.469 0.011 
d 0.159 0.026 0.432 0.000 0.350 0.050 
e 0.360 0.000 0.371 0.000 0.565 0.003 
f 0.140 0.023 0.181 0.035 0.600 0.000 
g 0.478 0.000 0.254 0.005 0.524 0.005 
Phylogenetic signal in morphological traits 
For all taxa together and vespertilionids, as phylogenetic distance increased, so too did 
morphological distance (Tables 4.2 and 4.3, Figure 4.3, a-b). This means that traditional 
interpretations of PCS (Webb 2000) can be used for the two largest taxonomic scales in this  
study system; closely related taxa were more morphologically similar to each other than to 
distantly related taxa. 
The patterns of phylogenetic signal for the genus Myotis, however, were quite different. 
When Myotis were present in the appropriate species pools, significant phylogenetic signal was 
observed in most cases for suites of traits (Table 4.2 and Figure 4.3, c) and individual traits 
(Table 4.3). However, these correlations were being driven solely by a single species, Myotis 
vivesi. M. vivesi is a morphologically distinctive member of the genus, specialized for catching 




has been assigned to a separate genus, Pizonyx, by various authors (Stadelmann et al. 2004); 
molecular work has confirmed its placement within the Neotropical clade of Myotis (Stadelmann 
et al. 2007, Chapter 2). When this species is removed from the species pool, no significant 
correlation remains among the suites of characters (Figure 4.3, d), and only nine of 58 individual 
traits still exhibit phylogenetic signal (results not shown). This indicates that closely related 
species are neither more nor less morphologically similar to each other than distantly related 
species, which is a pattern also observed in Sylvia warblers (Brohning-Gaese et al. 2003).  
However, we had expected to see evidence of convergence. Myotis was split into three 
subgenera or morphotypes by Findley (1972); these subgenera were later found to be 
polyphyletic, suggesting that the genus had gone through convergent evolution multiple times 
(Ruedi and Mayer 2001, Stadelmann et al. 2007), which is the reason we examined the genus by 
itself and in combination with other taxa. Significant negative Mantel coefficients would be 
indicative of convergent evolution because closely related species would be morphologically 
dissimilar whereas distantly related species would be morphologically similar. This is not the 
pattern we see, however; no evolutionary pattern is observed (Figure 4.3, d). Perhaps broader 
taxon sampling, not limited to desert bats, might reveal evidence of convergent evolution. Had 
we not investigated the results in the absence of M. vivesi, we may not have made these 
observations; this finding shows that investigation of phylogenetic signal should proceed 
cautiously as a single species may drive observed patterns. However, as M. vivesi is a member of 
several species pools, we will discuss the remainder of the results with it present in the 




Correlation between morphological and phylogenetic community structure 
Overall, we see less evidence of significant community structure using morphological data 
(Figure 4.2, Appendix VI: Table S1-15), regardless of spatial or taxonomic scale, than with 
phylogenetic data (Chapters 2 and 3). Results from both types of data did trend in the same 
direction therefore phylogeny and morphology give similar results. This is unsurprising given 
that morphological traits had significant phylogenetic signal (Tables 4.2 and 4.3). Sonoran 
communities consisting of all bat taxa were made up of species that were significantly 
morphologically clustered (Figure 4.2) and were also significantly phylogenetically clustered 
(Chapter 2); however, the datasets were not correlated (Table 4.1). This suggests that the 
communities that were morphologically clustered were not necessarily the same communities 
that were phylogenetically clustered. 
  There was little correspondence among community structure metrics in the genus Myotis; 
MCS and PCS metrics were not strongly correlated for most deserts and datasets (Table 4.1). As 
described above, there was phylogenetic signal in the traits measured for this taxonomic scale 
only when the full species pool was used; otherwise there was no pattern between morphological 
distance and phylogenetic distance (Figure 4.3, d). This has likely given rise to the observed 
pattern between MCS and PCS. 
Community structure of North American desert bats 
Overall, communities of desert bats tend to be made up of species that are not morphologically 
different from species drawn randomly from the species pool (Figure 4.2).  This suggests that 
species may not be partitioning resources or, if they are, they are not doing so in a manner that 




 Some communities (all-desert taxa and Myotis, Great Basin and Sonoran taxa) were 
significantly morphologically clustered, meaning that species in these communities were 
morphologically more similar than expected by chance (Figure 4.2). The traditional explanation 
of clustering is that habitat filtering structures these communities: only species with the 
appropriate morphotypes to survive in these areas are found there. At the all-desert spatial scale 
this is unsurprising, as species are filtered by functional traits across heterogeneous regions. 
Alternatively, species are similar to each other because they have traits that increase their 
competitive ability for limited resources thereby excluding species lacking such traits (Mayfield 
and Levine 2010).  Both explanations are reasonable, however more research is needed to 
determine to what extent bats partition available resources in order to determine which 
interpretation is most plausible and to exclude the possibility that both are occurring 
simultaneously.   
 No communities were significantly overdispersed overall (Figure 4.2). This means that 
North American desert bat communities were not made up of species less morphologically 
similar than chance, which would indicate competition. This is somewhat surprising given that 
many authors have found evidence of competitive interactions in bat communities (e.g. Black 
1974, Findley 1976, Findley and Black 1983, Aldridge and Rautenbach 1987, Barlow et al. 1997, 
Aguirre et al. 2002, Rhodes 2002, Campbell et al. 2007, York and Papes 2007). For competition 
or other density-dependent interactions to occur, populations must at least approach carrying 
capacity (e.g., Stevens and Willig 1999, Stevens and Willig 2000). Deserts are unpredictable 
environments (Shreve 1942) and this environmental instability may prevent density-dependent 
interactions from occurring (e.g., Stevens and Willig 1999, Stevens and Willig 2000). Desert bat 




allowing a random set of morphologies to co-exist. Previous work has shown that all members of 
a desert bat community responded similarly to experimentally manipulated insect densities, 
suggesting that bats were not competing for food resources (Bell 1980). 
The lack of strong evidence for competitive interactions does not necessarily mean that 
they do not occur, we just might not be able to quantify these interactions using our data. For 
example, some bats partition resources temporally by feeding or drinking at different times, 
potentially minimizing competitive interactions (e. g., Black 1974) but such behavioral 
modifications may not be apparent in morphological data. Likewise, other bats partition 
resources spatially to minimize competitive interactions (Aldridge and Rautenbach 1987) with 
some species preferentially foraging in more cluttered habitats while others utilize more open 
habitats, although desert bats may have few such options because arid habitats tend to exhibit 
little structural complexity (Shreve 1942). Additionally, broadening of dietary resources may not 
be accompanied by morphological changes and thus may not be detectable using morphological 
methods. For example, pallid bats (Antrozous pallidus) in the Sonoran desert may feed on the 
fruits of columnar catci (Howell 1980) but have also been observed feeding on nectar from these 
cacti as well, proving to be better pollinators than specialized nectarivorous bats (Frick et al. 
2013). 
Previous work on this study system has revealed that communities tend to be made up of 
species that are more closely related to each other than expected by chance (Chapters 2 and 3) 
and clustered communities tend to be found in harsher habitats than more overdispersed 
communities (Chapter 3) which suggests that habitat filtering may be structuring these 
communities. This finding is supported by the current study because we found significant 




to us that in some cases, phylogeny and environmental data may be more useful to investigations 
of community structure than morphology, even when convergent evolution is suspected.    
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CHAPTER 5  
SUMMARY 
 
In this study, I examined whether commonly used community structure metrics were greatly 
influenced by changes in the data used to calculate them. I described patterns of North American 
desert bat community structure at multiple spatial and taxonomic scales. I then investigated if 
biotic and abiotic factors were strongly correlated with these patterns in an effort to understand 
which ecological and evolutionary processes may be contributing to these results.  
I first defined bat communities and inferred a well supported phylogeny that included 
several species with poor representation on public databases. These datasets form the foundation 
for all three chapters of this dissertation. Using these data, I found that community delimitation 
method did influence community structure metrics, but the results at least trended in the same 
direction. This suggests that as long as a researcher is consistent with the method used to delimit 
communities within a particular study, the phylogenetic community structure results should not 
be greatly affected. Community structure metrics were also robust to moderate changes to the 
phylogeny from which they were calculated. These findings demonstrate that phylogenetic 
community structure results are due to actual patterns in the data and not to poorly inferred trees. 
I also found that bat communities in all deserts combined, the Great Basin Desert, and Sonoran 
Desert were significantly clustered, meaning they contain species that were more closely related 
to each other than expected by chance. The Chihuahuan Desert was made up of communities that 
tended to be clustered, while the Mojave Desert’s communities were indistinguishable from 
random.  
Next, I investigated phylogenetic community structure at different spatial and taxonomic 
scales. I found that at the largest scales, communities were significantly clustered, as expected.  




significant overdispersion, except in Great Basin Myotis, but did find less clustering than at the 
larger scales. Ecological traits were significantly correlated with phylogeny; closely related 
species tended to have similar phenotypes. This suggests that phylogeny is a good proxy for 
ecology. In addition, bat community structure was significantly correlated with temperature, 
temperature seasonality, and precipitation seasonality, although the environmental variables that 
were significant differed by taxon and desert. Phylogenetically clustered communities were 
found in harsher environmental conditions than more overdispersed communities, which tended 
to occur in less harsh conditions. Based on these results, desert bat communities tend to be made 
up of similar species that can survive the environmental conditions in the area. This suggests that 
desert bat communities are structured mainly by habitat filtering. Furthermore, although deserts 
are harsh environments, they are not all the same, differing in the environmental hardships they 
pose to taxa residing in them. This suggests that while bat communities are responding to harsh 
conditions in a similar way, the environmental conditions likely driving these patterns differ 
based on spatial and taxonomic scale. 
Interpreting phylogenetic community structure results requires the assumption that 
closely related species are also phenotypically similar to each other. While ecological traits 
suggested this was the case with desert bats, I tested this assumption more thoroughly by 
measuring a suite of skull and wing characteristics to determine if morphological community 
structure reflected phylogenetic community structure. I found that in most cases, bat 
communities were made up of species with morphologies randomly drawn from the available 
pool; those that were not random had species that were more similar to each other (i.e. 
morphologically clustered) than expected by chance. None of the communities were 




communities. This suggests that bats may be feeding on the same insect species. In most cases, 
phylogenetic community structure was significantly positively correlated with morphological 
community structure, indicating that these methods provide similar results. In addition, I found 
that at the largest taxonomic scales, closely related species tend to be morphologically similar to 
each other while distantly related species tend to be more morphologically distant; this pattern is 
termed phylogenetic signal. At the smallest taxonomic scale, the genus Myotis, there tended to be 
less or no phylogenetic signal in the traits I analyzed meaning that closely related species were 
not necessarily morphologically similar.  
Overall, these results suggest that desert bat communities are predominantly structured by 
habitat filtering, that is, the bats that coexist in the same community are those that can tolerate 
the environmental conditions and make use of the resources available at a given location. These 
results are counter to many previous studies of bat communities, most of which have found 
evidence for competition playing a dominant role in structuring communities. In order to gain a 
more complete understanding of desert bat community structure, I suggest that in depth studies 
of bat diet be undertaken to determine if bats are partitioning prey resources or if all bat species 
are eating all available insect species. My results suggest that, at least in North American deserts, 
bat populations have not been able to reach sizes that would allow density-dependent 
interactions, such as competition, to greatly impact the species that are found in particular 
communities. From a conservation standpoint, these results may imply that North American 
desert bat species range shifts due to climate change (e. g., Humphries et al. 2004) may not be 
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APPENDIX III  
CHAPTER 2 SUPPLEMENTARY MATERIALS 
 
S1. Fieldwork was conducted in July and August, 2010 in Oregon (permit #117-10)  and Utah 
(permit #1COLL8463) with the approval of Louisiana State University’s institutional animal 
care and use committee (protocol #09-012) and following ASM’s guidelines for research on 
small mammals (Sikes et al. 2011). The Bat Grid protocol of Ormsbee et al. (2006) was 
implemented when performing surveys. Bats were captured using mist nets set over water and in 
fly-ways; nets were open for the first 3.5 hours after sunset and checked at least every 15 
minutes. Specimens were prepared using standard museum techniques; heart, liver, kidney, and 
muscle tissues were preserved in ethanol. Specimens and tissues will be deposited at the 
Louisiana State University Museum of Natural Science. 
 
S2. Twenty-eight sites (1.7% of all sites) had individuals identified only as “Myotis sp.”; since 
there was no way to know if one or more than one species were included in this identification, 
this taxon was deleted from the community matrix. Myotis planiceps occurs in some of the 
collection/capture locations included in this study but genetic data were unavailable so M. 
planiceps was removed from the data matrix. One individual identified as Eptesicus sp. was 
assigned to E. fuscus since no other Eptesicus species occur where this specimen was collected. 
A few sites in the Sonoran and Chihuahuan Deserts had Eumops underwoodi, however the 
sequences included in our phylogeny for E. underwoodi were in fact from Nyctinomops 
macrotis. Therefore, sites with E. underwoodi were deleted from the data matrix. 
In one location both Leptonycteris nivalis and L. yerbabuenae were collected along with 
several individuals identified as Leptonycteris sp.  Myotis californicus and M. ciliolabrum are 
 105 
 
sister species that are difficult to differentiate and at several sites individuals were identified as 
M. californicus/ciliolabrum. Myotis lucifugus and M. yumanensis are not sister species but are 
almost impossible to differentiate in parts of their ranges without acoustic or genetic data and 
individuals at several sites were identified as M. lucifugus/yumanensis. In addition, some Myotis 
lucifugus subspecies may warrant elevation to specific status (Dewey 2006, Carstens and Dewey 
2010). 
To test whether alternate species identifications changed the outcome of PCS results, 
SES-MPD and SES-MNTD were calculated using 5km buffer communities for all combinations 
of Leptonycteris sp. assigned to L. nivalis or L. yerbabuenae; M. californicus/ciliolabrum 
assigned to either californicus or ciliolabrum; M. lucifugus/yumanensis assigned to either 
lucifugus or yumanensis; and finally, M. lucifugus subspecies assigned to respective subspecies 
based on where the individuals were captured/collected or all M. lucifugus individuals assigned 
to a single subspecies. A MANOVA was performed using the SES-MPD and SES-MNTD z-
values. There were no significant differences in SES-MPD and SES-MNTD z-values between 
different combinations of species identifications (MANOVA, F=0.0262, 8576,  p-value=1), so for all 
subsequent analyses, Leptonycteris sp. were assigned to L. nivalis, M. californicus/ciliolabrum 
were assigned to M. californicus, M. lucifugus/yumanensis were assigned to M. yumanensis, and 









Table S1: Models chosen by Modeltest for each gene 
Gene Missing data Model 
12S to 16S No GTR+I+G 
12S to 16S Yes GTR+I+G 
Cytb No TVM+I+G 
Cytb Yes TVM+I+G 
RAG2 No TVMef+I+G 
RAG2 Yes GTR+I+G 
 
Table S2: Number of communities with three or more species determined to be adequately sampled based 
on Chao1 for each delimitation method in each desert. 
Delimitation method 
Desert 
  5km buffer 10km buffer 10km grid 50km grid 50km circle 100km circle 
Great Basin 59 49 62 59 39 32 
Mojave 19 10 27 18 16 10 
Sonoran 24 26 41 30 24 9 
Chihuahuan 66 39 83 52 28 23 
 
 
Table S3: Results of Mantel tests between the distance matrix from the Best tree and other trees (listed in 
the “Tree” column). 
Tree Mantel statistic p-value 
NNI50.2 0.090 0.087 
SPR50.2 0.237 <0.001 
NNI300.2 0.176 0.006 
SPR300.2 0.099 0.021 
Polytomy 0.414 <0.001 



























































































































































































































































































































































































































































































































































































































































































Figure S2. Distribution of MPD p-values across the study area for the all-deserts species pool for 













Figure S3. Moran’s I correllograms for the all-desert species pool for 5km buffer communities A. 
MPD and B. MNTD; 10km buffer communities C. MPD and D. MNTD; 10km grid communities 
E. MPD and F. MNTD; 50km grid communities G. MPD and H. MNTD; 50km circle 
communities I. MPD and J. MNTD; and 100km circle communities K. MPD and L. MNTD. 


































Figure S4: Mean and standard deviation of Robinson-Foulds (RF) distance between the best tree 
and bootstrap (mean of 21 trees, shown on the x-axis at 350 moves), nearest-neighbor 
interchange (NNI; mean of 10 trees per number of moves), and sub-tree prune and re-graft (SPR; 
mean of 10 trees per number of moves) trees, both unpruned (NNI and SPR) and pruned to 
include only species in the “all taxa” species pool. The maximum RF distance between the best 
tree and unpruned trees (162 leaves or taxa) is 318 while the maximum distance between pruned 























Pruned NNI ± StDev
SPR ± StDev









Figure S5: Graphs showing distribution of PCS metrics calculated from all trees in relation to RF 
distance. “None” indicates metrics calculated from the best tree, “Polytomy” refers to the tree 
containing polytomies below the family level, “Bush” indicates the completely unresolved 
phylogeny, while the remaining data labels are explained in Figure S2’s legend above. All 5km 
buffer communities are represented in (A) for MPD and (B) for MNTD. Since trends for 
individual communities are difficult to distinguish, Sites 2 (C and D) and 192 (E and F) were 
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Information-Theoretic Approach: An Example from North American Myotis Bats. 
Systematic Biology 59:400-414. 
Dewey, T. A. 2006. Systematics and Phylogeography of North American Myotis (Chiroptera: 
Vespertilionidae). University of Michigan, Ann Arbor. 
Ormsbee, P. C., J. M. Zinck, J. M. Szewczak, L. E. Patrick, and A. H. Hart. 2006. Benefits of a 
standardized sampling frame: an update on the “Bat Grid". Bat Research News 47:4. 
Sikes, R. S., W. L. Gannon, and A. C. a. U. C. o. t. A. S. o. Mammalogists. 2011. Guidelines of 
the American Society of Mammalogists for the use of wild mammals in research. Journal 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































APPENDIX V  
SPECIMENS EXAMINED IN THE MORPHOLOGICAL STUDY 
 
Specimens examined in the morphological study. LSUMNS= Louisiana State University 
Museum of Natural Science; MSB= Museum of Southwestern Biology; RDS= specimens in Dr. 
Richard Stevens collection; KU= University of Kansas; Burke= Burke Museum; LACM= Los 









LSUMNS L10426 Antrozous pallidus f Arizona Cochise  
LSUMNS LEP186 Antrozous pallidus f Oregon Lake 
MSB M11187 Antrozous pallidus f 
New 
Mexico Bernalillo  
MSB M11189 Antrozous pallidus f 
New 
Mexico Bernalillo  
MSB M18808 Antrozous pallidus f Mexico Sonora 
MSB M18809 Antrozous pallidus f Mexico Sonora 








RDS RDS8093 Antrozous pallidus f Arizona Mojave 
RDS RDS8098 Antrozous pallidus f Arizona Mojave 
LSUMNS L10427 Antrozous pallidus m Arizona Yuma 
LSUMNS LEP129 Antrozous pallidus m Oregon Lake 
MSB M116546 Antrozous pallidus pallidus m Utah Garfield  
MSB M120013 Antrozous pallidus pallidus m Utah Garfield  
MSB M12946 Antrozous pallidus pallidus m 
New 
Mexico Bernalillo  
MSB M12947 Antrozous pallidus pallidus m 
New 
Mexico Bernalillo  
MSB M18323 Antrozous pallidus m Mexico Sonora 
MSB M42580 Antrozous pallidus pallidus m Mexico Sonora 
MSB M43110 Antrozous pallidus pacificus m Mexico 
Baja 
California 
MSB M43839 Antrozous pallidus pacificus m Mexico 
Baja 
California 
MSB M18328 Artibeus hirsutus f Mexico Sonora 
MSB M18329 Artibeus hirsutus f Mexico Sonora 
MSB M18383 Artibeus hirsutus f Mexico Sonora 
MSB M18384 Artibeus hirsutus f Mexico Sonora 
MSB M18385 Artibeus hirsutus f Mexico Sonora 
MSB M18386 Artibeus hirsutus f Mexico Sonora 
MSB M18387 Artibeus hirsutus f Mexico Sonora 
MSB M18388 Artibeus hirsutus f Mexico Sonora 
MSB M18389 Artibeus hirsutus f Mexico Sonora 










MSB M18381 Artibeus hirsutus m Mexico Sonora 
MSB M18391 Artibeus hirsutus m Mexico Sonora 
MSB M18392 Artibeus hirsutus m Mexico Sonora 
MSB M18393 Artibeus hirsutus m Mexico Sonora 
MSB M18394 Artibeus hirsutus m Mexico Sonora 
MSB M18395 Artibeus hirsutus m Mexico Sonora 
MSB M18396 Artibeus hirsutus m Mexico Sonora 
MSB M54919 Artibeus hirsutus m Mexico Sonora 
MSB M54920 Artibeus hirsutus m Mexico Sonora 
MSB M54921 Artibeus hirsutus m Mexico Sonora 
LSUMNS L3885 Choernycteris mexicana m Mexico 
San Luis 
Potosi 
LSUMNS L3886 Choernycteris mexicana m Mexico 
San Luis 
Potosi 
LSUMNS L3887 Choernycteris mexicana m Mexico 
San Luis 
Potosi 
LSUMNS L3888 Choernycteris mexicana m Mexico 
San Luis 
Potosi 
MSB M160648 Choeronycteris mexicana f Arizona Cochise  
MSB M160650 Choeronycteris mexicana f Arizona Cochise  
MSB M160651 Choeronycteris mexicana f Arizona Cochise  
MSB M160653 Choeronycteris mexicana f Arizona Cochise  
MSB M1741 Choeronycteris mexicana f 
New 
Mexico Hidalgo  
MSB M17926 Choeronycteris mexicana f 
New 
Mexico Hidalgo  
MSB M18306 Choeronycteris mexicana f Mexico Sonora 
MSB M18324 Choeronycteris mexicana f Mexico Sonora 
MSB M3455 Choeronycteris mexicana f 
New 
Mexico Hidalgo  
MSB M3456 Choeronycteris mexicana f 
New 
Mexico Hidalgo  
KU K102082 Choeronycteris mexicana m Arizona Cochise  
MSB M160649 Choeronycteris mexicana m Arizona Cochise  
MSB M160671 Choeronycteris mexicana m Arizona Cochise  
MSB M160675 Choeronycteris mexicana m Arizona Cochise  
MSB M160685 Choeronycteris mexicana m Arizona Cochise  
MSB M160703 Choeronycteris mexicana m Arizona Santa Cruz 
Burke B62750 Corynorhinus mexicanus f Mexico 
Burke B62751 Corynorhinus mexicanus f Mexico 
Burke B62755 Corynorhinus mexicanus f Mexico 
Burke B62756 Corynorhinus mexicanus f Mexico 
Burke B62757 Corynorhinus mexicanus f Mexico 
KU K143770 Corynorhinus mexicanus f Mexico Mexico 
KU K143771 Corynorhinus mexicanus f Mexico Mexico 
KU K143772 Corynorhinus mexicanus f Mexico Mexico 
KU K143774 Corynorhinus mexicanus f Mexico Mexico 










Burke B62752 Corynorhinus mexicanus m Mexico 
Burke B62753 Corynorhinus mexicanus m Mexico 
Burke B62754 Corynorhinus mexicanus m Mexico 
KU K143773 Corynorhinus mexicanus m Mexico Mexico 
KU K29888 Corynorhinus mexicanus m Mexico Veracruz 
KU K29914 Corynorhinus mexicanus m Mexico Veracruz 
KU K29915 Corynorhinus mexicanus m Mexico Veracruz 
KU K29918 Corynorhinus mexicanus m Mexico Veracruz 
KU K29923 Corynorhinus mexicanus m Mexico Veracruz 
KU K73591 Corynorhinus mexicanus m Mexico Chihuahua 
KU K7131 Corynorhinus townsendii pallescens f Idaho Bannock 
LSUMNS L10130 Corynorhinus townsendii f Arizona Cochise  
LSUMNS L10420 Corynorhinus townsendii f Arizona Pima 
LSUMNS L11197 Corynorhinus townsendii f Colorado Conejos 
LSUMNS L1121 Corynorhinus townsendii f California 
San 
Bernadino 
LSUMNS L1199 Corynorhinus townsendii f California 
San 
Bernadino 
LSUMNS L1875 Corynorhinus townsendii pallescens f California Riverside 
LSUMNS L20915 Corynorhinus townsendii f Washington Spokane 
LSUMNS L20916 Corynorhinus townsendii f Washington Spokane 
MSB M11573 Corynorhinus townsendii f 
New 
Mexico Bernalillo  
LSUMNS L11195 Corynorhinus townsendii m Colorado Conejos 
LSUMNS L11196 Corynorhinus townsendii m Colorado Conejos 
LSUMNS L1876 Corynorhinus townsendii pallescens m California Riverside 
LSUMNS LEP114 Corynorhinus townsendii m ? ? 
LSUMNS LEP124 Corynorhinus townsendii m Oregon Lake 
MSB M114799 Corynorhinus townsendii m Utah Garfield  
MSB M114800 Corynorhinus townsendii m Utah Garfield  
MSB M11571 Corynorhinus townsendii m 
New 
Mexico Bernalillo  
MSB M11572 Corynorhinus townsendii m 
New 
Mexico Bernalillo  
MSB M118653 Corynorhinus townsendii m Utah Garfield  
LSUMNS L11051 Desmodus rotundus f Mexico Colima 
LSUMNS L3942 Desmodus rotundus f Mexico 
San Luis 
Potosi 
LSUMNS L3943 Desmodus rotundus f Mexico 
San Luis 
Potosi 
LSUMNS L3945 Desmodus rotundus f Mexico 
San Luis 
Potosi 
LSUMNS L3946 Desmodus rotundus f Mexico 
San Luis 
Potosi 












LSUMNS L8399 Desmodus rotundus f Mexico Tabasco 
LSUMNS L8404 Desmodus rotundus f Mexico Tabasco 
LSUMNS L8407 Desmodus rotundus f Mexico Tabasco 
LSUMNS L8408 Desmodus rotundus f Mexico Tabasco 
LSUMNS L2828 Desmodus rotundus m Mexico 
San Luis 
Potosi 
LSUMNS L3944 Desmodus rotundus m Mexico 
San Luis 
Potosi 
LSUMNS L3949 Desmodus rotundus m Mexico 
San Luis 
Potosi 
LSUMNS L3950 Desmodus rotundus m Mexico 
San Luis 
Potosi 
LSUMNS L3979 Desmodus rotundus m Mexico 
San Luis 
Potosi 
LSUMNS L8398 Desmodus rotundus m Mexico Tabasco 
LSUMNS L8401 Desmodus rotundus m Mexico Tabasco 
LSUMNS L8402 Desmodus rotundus m Mexico Tabasco 
LSUMNS L8405 Desmodus rotundus m Mexico Tabasco 
LSUMNS L8406 Desmodus rotundus m Mexico Tabasco 
LSUMNS L3988 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3989 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3990 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3992 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3993 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3994 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3995 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L3996 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L4001 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L4002 Diphylla ecaudata centralis f Mexico 
San Luis 
Potosi 
LSUMNS L2829 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L2830 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L2835 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 












LSUMNS L2837 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L2838 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L2839 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L3987 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L3999 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
LSUMNS L4003 Diphylla ecaudata centralis m Mexico 
San Luis 
Potosi 
Burke B13724 Eptesicus fuscus f Washington Grant  
Burke B62196 Eptesicus fuscus f Oregon Deschutes 
LSUMNS L10128 Eptesicus fuscus f Arizona Pima 
LSUMNS L10419 Eptesicus fuscus f Arizona Pima 
LSUMNS L11932 Eptesicus fuscus f Mexico Oaxaca 
LSUMNS L2780 Eptesicus fuscus f Mexico 
San Luis 
Potosi 
LSUMNS LEP024 Eptesicus fuscus f Washington Klickitat 
LSUMNS LEP025 Eptesicus fuscus f Washington Klickitat 
LSUMNS LEP149 Eptesicus fuscus f Utah Juab 
LSUMNS LEP159 Eptesicus fuscus f Utah Juab 
Burke B33268 Eptesicus fuscus m Washington Douglas 
Burke B38245 Eptesicus fuscus m Arizona Coconino  
Burke B62167 Eptesicus fuscus m California Napa 
LSUMNS L10129 Eptesicus fuscus m Arizona Pima 
LSUMNS L22024 Eptesicus fuscus m 
New 
Mexico Socorro  
LSUMNS L22025 Eptesicus fuscus m 
New 
Mexico Socorro  
LSUMNS L22026 Eptesicus fuscus m 
New 
Mexico Socorro  
LSUMNS L4039 Eptesicus fuscus m Mexico 
San Luis 
Potosi 
LSUMNS L4932 Eptesicus fuscus m Mexico 
San Luis 
Potosi 
LSUMNS LEP150 Eptesicus fuscus m Utah Juab 
KU K119275 Euderma maculatum f Texas Brewster 
MSB M107557 Euderma maculatum f Colorado Moffat 
MSB M114512 Euderma maculatum f Wyoming Big Horn 
MSB M114513 Euderma maculatum f Wyoming Big Horn 
MSB M17285 Euderma maculatum f 
New 










MSB M23376 Euderma maculatum f 
New 
Mexico Sandoval  
MSB M23378 Euderma maculatum f 
New 
Mexico Sandoval  
MSB M24999 Euderma maculatum f 
New 
Mexico Socorro  
MSB M37724 Euderma maculatum f 
New 
Mexico Socorro  
MSB M9608 Euderma maculatum f 
New 
Mexico Catron  
LSUMNS L17652 Euderma maculatum m Texas Brewster 
MSB M112056 Euderma maculatum m Colorado Moffat 
MSB M112057 Euderma maculatum m Colorado Moffat 
MSB M115304 Euderma maculatum m Colorado Moffat 
MSB M115305 Euderma maculatum m Colorado Moffat 
MSB M116740 Euderma maculatum m Utah Wayne 
MSB M121373 Euderma maculatum m Utah San Juan  
MSB M25000 Euderma maculatum m 
New 
Mexico Socorro  
MSB M25187 Euderma maculatum m 
New 
Mexico Sandoval  
MSB M6235 Euderma maculatum m 
New 
Mexico Rio Arriba 
KU K#6 Eumops perotis californicus f Texas Brewster 
KU K#9 Eumops perotis californicus f Texas Brewster 
KU K150208 Eumops perotis californicus f California Los Angeles 
KU K160270 Eumops perotis californicus f California Los Angeles 
LSUMNS L10468 Eumops perotis californicus f California Kern 
LSUMNS L1870 Eumops perotis californicus f California Los Angeles 
LACM LA9326 Eumops perotis californicus f California Los Angeles 
MSB M160472 Eumops perotis californicus f California Los Angeles 
MSB M160473 Eumops perotis californicus f California Los Angeles 
MSB M160477 Eumops perotis californicus f California 
San 
Bernadino 
KU K9420 Eumops perotis californicus m California 
San 
Bernadino 
LSUMNS L1869 Eumops perotis californicus m California Los Angeles 
LACM LA13075 Eumops perotis californicus m Arizona Pima 
LACM LA34328 Eumops perotis californicus m Mexico Zacatecas 










LACM LA37664 Eumops perotis californicus m California Los Angeles 
LACM LA9329 Eumops perotis californicus m California Los Angeles 
MSB M160470 Eumops perotis californicus m Arizona Pima 
MSB M160471 Eumops perotis californicus m California Los Angeles 
MSB M4300 Eumops perotis m Arizona Pima 
KU K100404 Eumops underwoodi underwoodi f Mexico Jalisco 
KU K68795 Eumops underwoodi underwoodi f Mexico Oaxaca 
KU K92952 Eumops underwoodi underwoodi f Mexico Jalisco 
LSUMNS L10428 Eumops underwoodi f Arizona Pima 
LSUMNS L11054 Eumops underwoodi f Mexico Colima 
LSUMNS L8431 Eumops underwoodi f Mexico Tabasco 
LACM LA11603 Eumops underwoodi sonoriensis f Mexico Chihuahua 
LACM LA13199 Eumops underwoodi sonoriensis f Mexico Sonora 
LACM LA13200 Eumops underwoodi sonoriensis f Mexico Sonora 
LACM LA29162 Eumops underwoodi underwoodi f Mexico Colima 
KU K#1998 Eumops underwoodi m Arizona Pima 
KU K59092 Eumops underwoodi sonoriensis m Arizona Pima 
KU K92955 Eumops underwoodi underwoodi m Mexico Jalisco 
LSUMNS L8428 Eumops underwoodi m Mexico Tabasco 
LSUMNS L8429 Eumops underwoodi m Mexico Tabasco 
LACM LA29163 Eumops underwoodi underwoodi m Mexico Colima 
LACM LA29164 Eumops underwoodi underwoodi m Mexico Colima 
LACM LA29165 Eumops underwoodi underwoodi m Mexico Colima 
MSB M160478 Eumops underwoodi sonoriensis m Arizona Pima 
MSB M160479 Eumops underwoodi sonoriensis m Arizona Pima 
LSUMNS L3852 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3853 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3854 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3862 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3864 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3865 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3865 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3866 Glossophaga soricina f Mexico 
San Luis 
Potosi 
LSUMNS L3866 Glossophaga soricina f Mexico 
San Luis 
Potosi 










LSUMNS L3855 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L3855 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L3860 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L3863 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L3863 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L3867 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L3867 Glossophaga soricina m Mexico 
San Luis 
Potosi 
LSUMNS L8158 Glossophaga soricina m Mexico Tabasco 
LSUMNS L8159 Glossophaga soricina m Mexico Tabasco 
LSUMNS L8160 Glossophaga soricina m Mexico Tabasco 
LSUMNS L11427 Idionycteris phyllotis f 
New 
Mexico Catron  
MSB M116207 Idionycteris phyllotis f Utah San Juan  
MSB M116208 Idionycteris phyllotis f Utah San Juan  
MSB M13014 Idionycteris phyllotis f 
New 
Mexico Catron  
MSB M14830 Idionycteris phyllotis f 
New 
Mexico Catron  
MSB M14831 Idionycteris phyllotis f 
New 
Mexico Catron  
MSB M161533 Idionycteris phyllotis f Arizona Coconino  
MSB M29227 Idionycteris phyllotis f Utah San Juan  
MSB M7182 Idionycteris phyllotis f Arizona Coconino  
MSB M7183 Idionycteris phyllotis f Arizona Coconino  
KU K73594 Idionycteris phyllotis m Mexico Chihuahua 
LSUMNS L22032 Idionycteris phyllotis m 
New 
Mexico Socorro  
MSB M116206 Idionycteris phyllotis m Utah San Juan  
MSB M120921 Idionycteris phyllotis m Utah Kane 
MSB M13013 Idionycteris phyllotis m 
New 
Mexico Catron  
MSB M161231 Idionycteris phyllotis m Arizona Gila 
MSB M161534 Idionycteris phyllotis m Arizona Gila 
MSB M161535 Idionycteris phyllotis m Arizona Gila 
MSB M9518 Idionycteris phyllotis m 
New 
Mexico Catron  
MSB M9519 Idionycteris phyllotis m 
New 
Mexico Catron  
Burke B63089 Lasionycteris noctivagans f Washington Walla Walla 










Burke B77915 Lasionycteris noctivagans f Washington Walla Walla 
Burke B78216 Lasionycteris noctivagans f Washington Columbia 
MSB M114627 Lasionycteris noctivagans f Utah Wayne 
MSB M13025 Lasionycteris noctivagans f 
New 
Mexico Catron  
MSB M13026 Lasionycteris noctivagans f 
New 
Mexico Catron  
MSB M161545 Lasionycteris noctivagans f Arizona Apache 
MSB M161547 Lasionycteris noctivagans f Arizona Cochise  
MSB M37376 Lasionycteris noctivagans f California Mariposa 
Burke B35496 Lasionycteris noctivagans m Oregon Jackson 
Burke B39182 Lasionycteris noctivagans m Washington Ferry 
Burke B78230 Lasionycteris noctivagans m Washington Columbia 
Burke B78261 Lasionycteris noctivagans m Washington Columbia 
MSB M109190 Lasionycteris noctivagans m Utah Uintah 
MSB M161546 Lasionycteris noctivagans m Arizona Cochise  
MSB M161548 Lasionycteris noctivagans m Arizona Cochise  
MSB M40651 Lasionycteris noctivagans m California El Dorado 
MSB M9583 Lasionycteris noctivagans m 
New 
Mexico Catron  
MSB M9584 Lasionycteris noctivagans m 
New 
Mexico Catron  
MSB M10516 Lasiurus blossevillii f 
New 
Mexico Catron  
MSB M161560 Lasiurus blossevillii f Arizona Cochise  
MSB M161563 Lasiurus blossevillii f Arizona Graham 
MSB M16855 Lasiurus blossevillii f Mexico Nayarit 
MSB M17305 Lasiurus blossevillii f 
New 
Mexico Hidalgo  
MSB M37377 Lasiurus blossevillii f California Mariposa 
MSB M42503 Lasiurus blossevillii f 
New 
Mexico Hidalgo  
MSB M9465 Lasiurus blossevillii f 
New 
Mexico Catron  
MSB M9466 Lasiurus blossevillii f 
New 
Mexico Catron  
MSB M9517 Lasiurus blossevillii f 
New 
Mexico Catron  
KU K107491 Lasiurus blossevillii teliotis m Mexico Jalisco 
KU K87420 Lasiurus blossevillii teliotis m Mexico Jalisco 
KU K92949 Lasiurus blossevillii teliotis m Mexico Jalisco 
KU K98734 Lasiurus blossevillii teliotis m Mexico Jalisco 










MSB M161562 Lasiurus blossevillii m Arizona Gila 
MSB M18588 Lasiurus blossevillii m Mexico Sonora 
MSB M42502 Lasiurus blossevillii m 
New 
Mexico Hidalgo  
MSB M54937 Lasiurus blossevillii m Mexico Sonora 
MSB M68581 Lasiurus blossevillii m 
New 
Mexico Eddy 
KU K48304 Lasiurus borealis borealis f Mexico Coahuila 
LSUMNS L10557 Lasiurus borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L11146 Lasiurus borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L11737 Lasiurus borealis f Texas Franklin 
LSUMNS L11739 Lasiurus borealis f Texas Franklin 
LSUMNS L13446 Lasiurus borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L15115 Lasiurus borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L17828 Lasiurus borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L8557 Lasiurus borealis borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L8731 Lasiurus borealis borealis f Louisiana 
East Baton 
Rouge 
LSUMNS L11734 Lasiurus borealis m Texas Franklin 
LSUMNS L11735 Lasiurus borealis m Texas Franklin 
LSUMNS L11736 Lasiurus borealis m Texas Franklin 
LSUMNS L11738 Lasiurus borealis m Texas Franklin 
LSUMNS L1706 Lasiurus borealis borealis m Louisiana 
East Baton 
Rouge 
LSUMNS L25088 Lasiurus borealis m Louisiana 
Gulf of 
Mexico 
LSUMNS L25408 Lasiurus borealis m Louisiana Grant 
LSUMNS L3317 Lasiurus borealis borealis m Louisiana 
East Baton 
Rouge 
LSUMNS L6783 Lasiurus borealis borealis m Louisiana 
East Baton 
Rouge 
LSUMNS L6784 Lasiurus borealis m Louisiana 
East 
Feliciana 
Burke B48272 Lasiurus cinereus f Washington Walla Walla 
Burke B9531 Lasiurus cinereus f Washington King 
LSUMNS L20919 Lasiurus cinereus f California Contra Costa 












MSB M12816 Lasiurus cinereus cinereus f 
New 
Mexico Bernalillo  
MSB M12824 Lasiurus cinereus cinereus f 
New 
Mexico Bernalillo  
MSB M12825 Lasiurus cinereus cinereus f 
New 
Mexico Bernalillo  
MSB M12826 Lasiurus cinereus cinereus f 
New 
Mexico Bernalillo  
MSB M18305 Lasiurus cinereus f Mexico Sonora 
MSB M19031 Lasiurus cinereus f Mexico Sonora 
Burke B32565 Lasiurus cinereus m California Yolo 
Burke B39474 Lasiurus cinereus m Washington Yakima 
Burke B9219 Lasiurus cinereus m Washington Snohomish 
LSUMNS L10511 Lasiurus cinereus m 
New 
Mexico Rio Arriba 
LSUMNS L22033 Lasiurus cinereus m 
New 
Mexico Socorro  
LSUMNS L22034 Lasiurus cinereus m 
New 
Mexico Socorro  
LSUMNS L25095 Lasiurus cinereus m Mexico Michoacan 
LSUMNS L25098 Lasiurus cinereus m Mexico Michoacan 
LSUMNS L4043 Lasiurus cinereus m Mexico 
San Luis 
Potosi 
LSUMNS L4958 Lasiurus cinereus m Mexico 
San Luis 
Potosi 
KU K55318 Lasiurus ega f Mexico Tamaulipas 
KU K55319 Lasiurus ega f Mexico Tamaulipas 
KU K55320 Lasiurus ega f Mexico Tamaulipas 
LSUMNS L11929 Lasiurus ega f Mexico Chiapas 
LSUMNS L12986 Lasiurus ega f Costa Rica San Jose 
LSUMNS L12987 Lasiurus ega f Costa Rica San Jose 
LSUMNS L4044 Lasiurus ega f Mexico 
San Luis 
Potosi 
LSUMNS L4045 Lasiurus ega f Mexico 
San Luis 
Potosi 
LSUMNS L4046 Lasiurus ega f Mexico 
San Luis 
Potosi 
LACM LA18680 Lasiurus ega f Mexico Chiapas 
KU K100399 Lasiurus ega m Mexico Nuevo Leon 
KU K55316 Lasiurus ega m Mexico Tamaulipas 
KU K55321 Lasiurus ega m Mexico Tamaulipas 
KU K55323 Lasiurus ega m Mexico Tamaulipas 












LSUMNS L4060 Lasiurus ega m Mexico 
San Luis 
Potosi 
LSUMNS L4061 Lasiurus ega m Mexico 
San Luis 
Potosi 
LACM LA73717 Lasiurus ega m Mexico Guerrero 
LACM LA73718 Lasiurus ega m Mexico Guerrero 
LACM LA73719 Lasiurus ega m Mexico Guerrero 
Burke B62345 Lasiurus intermedius f Florida Hillsborough 
KU K67549 Lasiurus intermedius intermedius f Mexico Veracruz 
KU K67550 Lasiurus intermedius intermedius f Mexico Veracruz 
LSUMNS L11053 Lasiurus intermedius f Mexico Colima 
LACM LA12034 Lasiurus intermedius f Mexico Colima 
LACM LA12530 Lasiurus intermedius f Mexico Nayarit 
LACM LA13900 Lasiurus intermedius f Mexico Colima 
LACM LA56063 Lasiurus intermedius f Mexico Colima 
LACM LA56064 Lasiurus intermedius f Mexico Colima 
LACM LA8818 Lasiurus intermedius f Texas Cameron 
KU K100400 Lasiurus intermedius intermedius m Mexico Jalisco 
KU K55317 Lasiurus intermedius intermedius m Mexico Tamaulipas 
KU K55322 Lasiurus intermedius intermedius m Mexico Tamaulipas 
KU K55324 Lasiurus intermedius intermedius m Mexico Tamaulipas 
KU K97076 Lasiurus intermedius intermedius m Mexico Jalisco 
KU K97077 Lasiurus intermedius intermedius m Mexico Jalisco 
KU K98738 Lasiurus intermedius intermedius m Mexico Jalisco 
LSUMNS L11928 Lasiurus intermedius m Mexico Chiapas 
LSUMNS L25096 Lasiurus intermedius m Mexico Michoacan 
LSUMNS L25097 Lasiurus intermedius m Mexico Michoacan 
LSUMNS L11613 Lasiurus seminolus f Louisiana Natchitoches 
LSUMNS L11614 Lasiurus seminolus f Louisiana Sabine 
LSUMNS L11618 Lasiurus seminolus f Louisiana Ascension 
LSUMNS L25416 Lasiurus seminolus f Louisiana Grant 
LSUMNS L3680 Lasiurus seminolus f Louisiana Rapides 
LSUMNS L6158 Lasiurus seminolus f Louisiana 
East Baton 
Rouge 
LSUMNS L747 Lasiurus seminolus f Louisiana 
East Baton 
Rouge 
LACM LA5997 Lasiurus seminolus f Texas Harris 
LACM LA8898 Lasiurus seminolus f Louisiana Natchitoches 
LACM LA9406 Lasiurus seminolus f Florida Alachua 
LSUMNS L25409 Lasiurus seminolus m Louisiana Grant 
LSUMNS L26733 Lasiurus seminolus m Louisiana 
East Baton 
Rouge 
LSUMNS L30054 Lasiurus seminolus m Louisiana Lafourche 
LSUMNS L3308 Lasiurus seminolus m Louisiana Grant 










LSUMNS L3310 Lasiurus seminolus m Louisiana Washington  
LSUMNS L6788 Lasiurus seminolus m Louisiana 
East Baton 
Rouge 
LSUMNS L9232 Lasiurus seminolus m Louisiana Washington  
LSUMNS L9301 Lasiurus seminolus m Louisiana 
East Baton 
Rouge 
LACM LA8897 Lasiurus seminolus m Texas Harris 
























MSB M14505 Lasiurus xanthinus f 
New 
Mexico Hidalgo  
MSB M161590 Lasiurus xanthinus f Arizona Maricopa 
MSB M26861 Lasiurus xanthinus f Mexico Sonora 
MSB M45881 Lasiurus xanthinus f 
New 
Mexico Hidalgo  
MSB M16856 Lasiurus xanthinus m Mexico Nayarit 
MSB M18302 Lasiurus xanthinus m Mexico Sonora 
MSB M18303 Lasiurus xanthinus m Mexico Sonora 
MSB M18341 Lasiurus xanthinus m Mexico Sonora 
MSB M25038 Lasiurus xanthinus m 
New 
Mexico Hidalgo  
MSB M27716 Lasiurus xanthinus m 
New 
Mexico Hidalgo  
MSB M42840 Lasiurus xanthinus m Mexico 
Baja 
California 
MSB M53781 Lasiurus xanthinus m Mexico Sonora 
MSB M60720 Lasiurus xanthinus m 
New 
Mexico Hidalgo  
MSB M60721 Lasiurus xanthinus m 
New 










KU K33068 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33070 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33071 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33072 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33073 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33075 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33076 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33078 Leptonycteris nivalis nivalis f Mexico Coahuila 
KU K33079 Leptonycteris nivalis nivalis f Mexico Coahuila 
MSB M28913 Leptonycteris nivalis f Texas Brewster 
KU K98370 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98372 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98378 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98379 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98396 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98397 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98410 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98412 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98413 Leptonycteris nivalis m Mexico Nuevo Leon 
KU K98414 Leptonycteris nivalis m Mexico Nuevo Leon 
MSB M160734 Leptonycteris yerbabuenae f Arizona Cochise  
MSB M160735 Leptonycteris yerbabuenae f Arizona Cochise  
MSB M160736 Leptonycteris yerbabuenae f Arizona Cochise  
MSB M25048 Leptonycteris yerbabuenae f 
New 
Mexico Hidalgo  
MSB M25049 Leptonycteris yerbabuenae f 
New 
Mexico Hidalgo  
MSB M25050 Leptonycteris yerbabuenae f 
New 
Mexico Hidalgo  
MSB M29521 Leptonycteris yerbabuenae f Mexico Sonora 
MSB M29522 Leptonycteris yerbabuenae f Mexico Sonora 
MSB M29523 Leptonycteris yerbabuenae f Mexico Sonora 
MSB M31558 Leptonycteris yerbabuenae f Mexico Sonora 
MSB M160737 Leptonycteris yerbabuenae m Arizona Cochise  
MSB M160751 Leptonycteris yerbabuenae m Arizona Cochise  
MSB M160752 Leptonycteris yerbabuenae m Arizona Cochise  
MSB M160768 Leptonycteris yerbabuenae m Arizona Cochise  










MSB M160770 Leptonycteris yerbabuenae m Arizona Cochise  
MSB M25047 Leptonycteris yerbabuenae m 
New 
Mexico Hidalgo  
MSB M31559 Leptonycteris yerbabuenae m Mexico Sonora 
MSB M31563 Leptonycteris yerbabuenae m Mexico Sonora 
MSB M43836 Leptonycteris yerbabuenae m Mexico 
Baja 
California 
LSUMNS L1197 Macrotus californicus f California Riverside 
LSUMNS L1871 Macrotus californicus f California Riverside 
MSB M160899 Macrotus californicus f Arizona Pinal 
MSB M160901 Macrotus californicus f Arizona Pinal 
MSB M18346 Macrotus californicus f Mexico Sonora 
MSB M18349 Macrotus californicus f Mexico Sonora 
MSB M21410 Macrotus californicus f Mexico Sonora 
MSB M21411 Macrotus californicus f Mexico Sonora 
MSB M38744 Macrotus californicus f Arizona Pima 
MSB M38748 Macrotus californicus f Arizona Pima 
LSUMNS L1873 Macrotus californicus m California Riverside 
MSB M103122 Macrotus californicus m Arizona Pima 
MSB M18589 Macrotus californicus m Mexico Sonora 
MSB M21414 Macrotus californicus m Mexico Sonora 
MSB M38743 Macrotus californicus m Arizona Pima 
MSB M38745 Macrotus californicus m Arizona Pima 
MSB M38746 Macrotus californicus m Arizona Pima 
MSB M38747 Macrotus californicus m Arizona Pima 
MSB M42604 Macrotus californicus m Mexico Sonora 
MSB M53744 Macrotus californicus m Mexico Sonora 
KU K103399 Macrotus waterhousii bulleri f Mexico Jalisco 
KU K103400 Macrotus waterhousii bulleri f Mexico Jalisco 
KU K120323 Macrotus waterhousii bulleri f Mexico Jalisco 
KU K29412 Macrotus waterhousii mexicanus f Mexico Oaxaca 
KU K29415 Macrotus waterhousii mexicanus f Mexico Oaxaca 
KU K85611 Macrotus waterhousii bulleri f Mexico Sinaloa 
KU K92733 Macrotus waterhousii bulleri f Mexico Jalisco 
LSUMNS L11010 Macrotus waterhousii mexicanus f Mexico Colima 
LSUMNS L11011 Macrotus waterhousii mexicanus f Mexico Colima 
MSB M27549 Macrotus waterhousii mexicanus f Mexico Oaxaca 
KU K29414 Macrotus waterhousii mexicanus m Mexico Oaxaca 
KU K29416 Macrotus waterhousii mexicanus m Mexico Oaxaca 
KU K29419 Macrotus waterhousii mexicanus m Mexico Oaxaca 
KU K29420 Macrotus waterhousii mexicanus m Mexico Oaxaca 
KU K67351 Macrotus waterhousii bulleri m Mexico Sinaloa 
LSUMNS L11008 Macrotus waterhousii mexicanus m Mexico Colima 
LSUMNS L11009 Macrotus waterhousii mexicanus m Mexico Colima 
LSUMNS L11012 Macrotus waterhousii mexicanus m Mexico Colima 
LSUMNS L11013 Macrotus waterhousii mexicanus m Mexico Colima 
LSUMNS L11014 Macrotus waterhousii mexicanus m Mexico Colima 










KU K10734 Mormoops megalophylla megalophylla f Mexico Sonora 
KU K142865 Mormoops megalophylla megalophylla f Texas Uvalde 
KU K142866 Mormoops megalophylla megalophylla f Texas Uvalde 
KU K85590 Mormoops megalophylla megalophylla f Mexico Sinaloa 
KU K85591 Mormoops megalophylla megalophylla f Mexico Sinaloa 
LSUMNS L11002 Mormoops megalophylla f Mexico Colima 
LSUMNS L11003 Mormoops megalophylla f Mexico Colima 
LSUMNS L11004 Mormoops megalophylla f Mexico Colima 
MSB M32645 Mormoops megalophylla f Mexico Guerrero 
KU K85608 Mormoops megalophylla megalophylla m Mexico Sinaloa 
KU K85610 Mormoops megalophylla megalophylla m Mexico Sinaloa 
KU K94035 Mormoops megalophylla megalophylla m Mexico Sinaloa 
LSUMNS L11005 Mormoops megalophylla m Mexico Colima 
LSUMNS L11006 Mormoops megalophylla m Mexico Colima 
LSUMNS L11962 Mormoops megalophylla m Mexico Yucatan 
LSUMNS L4828 Mormoops megalophylla m Mexico 
San Luis 
Potosi 
LSUMNS L4829 Mormoops megalophylla m Mexico 
San Luis 
Potosi 
LSUMNS L4830 Mormoops megalophylla m Mexico 
San Luis 
Potosi 
MSB M70876 Mormoops megalophylla m Mexico 
Baja 
California 
LSUMNS L10421 Myotis auriculus apache f Arizona Pima 
LSUMNS L10422 Myotis auriculus apache f Arizona Pima 
LSUMNS L10423 Myotis auriculus apache f Arizona Pima 
MSB M11160 Myotis auriculus f 
New 
Mexico Bernalillo  
MSB M11161 Myotis auriculus f 
New 
Mexico Bernalillo  
MSB M122085 Myotis auriculus apache f 
New 
Mexico Torrance  
MSB M13793 Myotis auriculus f 
New 
Mexico Socorro  
MSB M24991 Myotis auriculus f 
New 
Mexico Sierra  
MSB M45887 Myotis auriculus apache f 
New 
Mexico Hidalgo  
MSB M8404 Myotis auriculus f 
New 
Mexico Bernalillo  
Burke B62578 Myotis auriculus m 
New 
Mexico Socorro  
LSUMNS L10424 Myotis auriculus apache m Arizona Pima 
MSB M10856 Myotis auriculus m 
New 
Mexico Bernalillo  
MSB M11159 Myotis auriculus m 
New 










MSB M13789 Myotis auriculus m 
New 
Mexico Socorro  
MSB M13791 Myotis auriculus m 
New 
Mexico Socorro  
MSB M23676 Myotis auriculus apache m 
New 
Mexico Cibola  
MSB M26837 Myotis auriculus m 
New 
Mexico Sandoval  
MSB M26838 Myotis auriculus m 
New 
Mexico Sandoval  
MSB M45882 Myotis auriculus apache m 
New 
Mexico Hidalgo  
LSUMNS L1201 Myotis californicus pallidus f California Inyo 
LSUMNS L1883 Myotis californicus calfornicus f California Kern 
LSUMNS L4012 Myotis californicus mexicanus f Mexico 
San Luis 
Potosi 
LSUMNS L4013 Myotis californicus mexicanus f Mexico 
San Luis 
Potosi 
LSUMNS L4926 Myotis californicus mexicanus f Mexico 
San Luis 
Potosi 
MSB M108579 Myotis californicus stephensi f Arizona Coconino  
MSB M108580 Myotis californicus stephensi f Arizona Coconino  
MSB M123025 Myotis californicus stephensi f Utah Garfield  
MSB M42610 Myotis californicus californicus f Mexico Sonora 
MSB M42613 Myotis californicus californicus f Mexico Sonora 
LSUMNS L4014 Myotis californicus mexicanus m Mexico 
San Luis 
Potosi 
LSUMNS L4027 Myotis californicus mexicanus m Mexico 
San Luis 
Potosi 
MSB M108003 Myotis californicus stephensi m Arizona Coconino  
MSB M108005 Myotis californicus stephensi m Arizona Coconino  
MSB M122827 Myotis californicus stephensi m Utah Garfield  
MSB M122828 Myotis californicus stephensi m Utah Garfield  
MSB M122829 Myotis californicus stephensi m Utah Garfield  
MSB M42612 Myotis californicus californicus m Mexico Sonora 
MSB M83887 Myotis californicus m Mexico Sonora 
MSB M83889 Myotis californicus m Mexico Sonora 
LSUMNS LEP156 Myotis ciliolabrum f Utah Juab 
LSUMNS LEP162 Myotis ciliolabrum f Utah Juab 
MSB M103545 Myotis ciliolabrum f Montana Big Horn 
MSB M114480 Myotis ciliolabrum ciliolabrum f Wyoming Fremont 
MSB M119942 Myotis ciliolabrum ciliolabrum f Montana Carbon 
MSB M122266 Myotis ciliolabrum ciliolabrum f Wyoming Weston 
MSB M24970 Myotis ciliolabrum f Washington Douglas 
MSB M32049 Myotis ciliolabrum f 
New 










MSB M32054 Myotis ciliolabrum f 
New 
Mexico Hidalgo  
MSB M32059 Myotis ciliolabrum f 
New 
Mexico Hidalgo  
LSUMNS 
20JUL09-
02-AHH Myotis ciliolabrum m Washington Douglas 
LSUMNS LEP151 Myotis ciliolabrum m Utah Juab 
LSUMNS LEP157 Myotis ciliolabrum m Utah Juab 
LSUMNS LEP171 Myotis ciliolabrum m Oregon Lake 
LSUMNS LEP173 Myotis ciliolabrum m Oregon Lake 
MSB M114514 Myotis ciliolabrum ciliolabrum m Wyoming Big Horn 
MSB M114515 Myotis ciliolabrum ciliolabrum m Wyoming Big Horn 
MSB M114516 Myotis ciliolabrum ciliolabrum m Wyoming Big Horn 
MSB M114517 Myotis ciliolabrum ciliolabrum m Wyoming Big Horn 
MSB M119941 Myotis ciliolabrum ciliolabrum m Montana Carbon 
Burke B33270 Myotis evotis f Washington Douglas  
Burke B39176 Myotis evotis f Washington Douglas  
Burke B60938 Myotis evotis f Washington Pierce 
Burke B62477 Myotis evotis f California Napa 
Burke B78233 Myotis evotis f Washington Columbia  
MSB M135307 Myotis evotis pacificus f 
New 
Mexico San Juan  
MSB M18883 Myotis evotis f 
New 
Mexico Taos  
MSB M40673 Myotis evotis pacificus f California Humboldt  
PSUMVB P3052 Myotis evotis f Oregon Crook  
PSUMVB P709 Myotis evotis f Oregon 
Burke B62476 Myotis evotis m California Napa 
Burke B62577 Myotis evotis m California San Diego 
Burke B76162 Myotis evotis m Oregon Josephine 
Burke B78234 Myotis evotis m Washington Columbia  
MSB M107928 Myotis evotis evotis m Colorado Garfield  
MSB M11634 Myotis evotis m 
New 
Mexico Catron  
MSB M122462 Myotis evotis m Utah Washington  
MSB M53786 Myotis evotis evotis m 
New 
Mexico Socorro  
PSUMVB P2165 Myotis evotis m Oregon Harney  
PSUMVB P3055 Myotis evotis m Oregon Wasco  
LSUMNS L11052 Myotis fortidens f Mexico Colima 
LSUMNS L8409 Myotis fortidens f Mexico Tabasco 










LSUMNS L8411 Myotis fortidens f Mexico Tabasco 
LSUMNS L8412 Myotis fortidens f Mexico Tabasco 
LSUMNS L8413 Myotis fortidens f Mexico Tabasco 
LSUMNS L8415 Myotis fortidens f Mexico Tabasco 
LSUMNS L8419 Myotis fortidens f Mexico Tabasco 
LSUMNS L8421 Myotis fortidens f Mexico Tabasco 
LSUMNS L8422 Myotis fortidens f Mexico Tabasco 
LSUMNS L8420 Myotis fortidens m Mexico Tabasco 
MSB M13134 Myotis fortidens m Mexico Nayarit 
MSB M18292 Myotis fortidens m Mexico Sonora 
MSB M18295 Myotis fortidens m Mexico Sonora 
MSB M18298 Myotis fortidens m Mexico Sonora 
MSB M18299 Myotis fortidens m Mexico Sonora 
MSB M18300 Myotis fortidens m Mexico Sonora 
MSB M27559 Myotis fortidens m Mexico Oaxaca 
MSB M54941 Myotis fortidens sonoriensis m Mexico Sonora 
MSB M55454 Myotis fortidens m Mexico Sonora 
LSUMNS LEP142 Myotis lucifugus alascensis f Oregon Lake 
LSUMNS LEP144 Myotis lucifugus alascensis f Oregon Lake 
LSUMNS LEP180 Myotis lucifugus alascensis f Oregon Lake 
LSUMNS LEP188 Myotis lucifugus alascensis f Oregon Lake 
LSUMNS LEP193 Myotis lucifugus alascensis f Oregon Lake 
LSUMNS LEP197 Myotis lucifugus alascensis f Oregon Lake 
LSUMNS LEP207 Myotis lucifugus alascensis f Oregon Lake 
LACM LA9933 Myotis lucifugus alascensis f Canada 
British 
Columbia 
LACM LA9934 Myotis lucifugus alascensis f Canada 
British 
Columbia 





01-LEP Myotis lucifugus alascensis m Washington Whatcom 
LSUMNS LEP126 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP137 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP138 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP141 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP143 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP176 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP182 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP184 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS LEP190 Myotis lucifugus alascensis m Oregon Lake 
LSUMNS L11368 Myotis lucifugus carissima f Wyoming Teton 
LSUMNS L11369 Myotis lucifugus carissima f Wyoming Teton 
MSB M104453 Myotis lucifugus carissima f Colorado Montezuma 










MSB M104455 Myotis lucifugus carissima f Colorado Montezuma 
MSB M104458 Myotis lucifugus carissima f Colorado Montezuma 
MSB M46654 Myotis lucifugus carissima f Wyoming 
Yellowstone 
NP 
MSB M46655 Myotis lucifugus carissima f Wyoming 
Yellowstone 
NP 
MSB M46656 Myotis lucifugus carissima f Wyoming 
Yellowstone 
NP 
MSB M46658 Myotis lucifugus carissima f Wyoming 
Yellowstone 
NP 
MSB M46659 Myotis lucifugus carissima f Wyoming 
Yellowstone 
NP 
MSB M46661 Myotis lucifugus carissima f Wyoming 
Yellowstone 
NP 
MSB M102854 Myotis lucifugus carissima m Colorado Rio Blanco 
MSB M102855 Myotis lucifugus carissima m Colorado Rio Blanco 
MSB M103024 Myotis lucifugus carissima m Colorado Rio Blanco 
MSB M104456 Myotis lucifugus carissima m Colorado Montezuma 
MSB M104457 Myotis lucifugus carissima m Colorado Montezuma 
MSB M114499 Myotis lucifugus carissima m Wyoming Carbon 
MSB M114500 Myotis lucifugus carissima m Wyoming Carbon 
MSB M114502 Myotis lucifugus carissima m Wyoming Carbon 
MSB M115341 Myotis lucifugus carissima m Colorado Moffat 
MSB M115342 Myotis lucifugus carissima m Colorado Moffat 
Burke B79220 Myotis lucifugus relictus f Washington Walla Walla 
LSUMNS LEP117 Myotis lucifugus relictus f Washington Snohomish 
LSUMNS LEP134 Myotis lucifugus relictus f Oregon Lake 
LSUMNS LEP135 Myotis lucifugus relictus f Oregon Lake 
LSUMNS LEP139 Myotis lucifugus relictus f Oregon Lake 
LSUMNS LEP179 Myotis lucifugus relictus f Oregon Lake 
LSUMNS LEP187 Myotis lucifugus relictus f Oregon Lake 
MSB M40674 Myotis lucifugus relictus f Washington King 
MSB M46574 Myotis lucifugus relictus f Oregon Deschutes 
MSB M46633 Myotis lucifugus relictus f Washington Grant  
LSUMNS LEP131 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP133 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP136 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP145 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP169 Myotis lucifugus relictus m Oregon Lake 










LSUMNS LEP183 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP185 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP194 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP202 Myotis lucifugus relictus m Oregon Lake 
LSUMNS LEP027 Myotis melanorhinus melanorhinus f Texas Jeff Davis  
LSUMNS LEP029 Myotis melanorhinus melanorhinus f Texas Jeff Davis  
MSB M120242 Myotis melanorhinus melanorhinus f 
New 
Mexico Dona Ana 
MSB M120243 Myotis melanorhinus melanorhinus f 
New 
Mexico Dona Ana 
MSB M123211 Myotis melanorhinus melanorhinus f 
New 
Mexico Los Alamos 
MSB M123212 Myotis melanorhinus melanorhinus f 
New 
Mexico Los Alamos 
MSB M123213 Myotis melanorhinus melanorhinus f 
New 
Mexico Los Alamos 
MSB M21810 Myotis melanorhinus melanorhinus f 
New 
Mexico Lincoln  
RDS RDS8145 Myotis melanorhinus melanorhinus f Texas Jeff Davis  
RDS RDS8148 Myotis melanorhinus melanorhinus f Texas Jeff Davis  
LSUMNS LEP028 Myotis melanorhinus melanorhinus m Texas Jeff Davis  
MSB M108804 Myotis melanorhinus melanorhinus m Colorado Moffat 
MSB M110949 Myotis melanorhinus melanorhinus m Colorado Moffat 
MSB M116745 Myotis melanorhinus melanorhinus m Utah Wayne 
MSB M116746 Myotis melanorhinus melanorhinus m Utah Wayne 
MSB M45900 Myotis melanorhinus melanorhinus m 
New 
Mexico Hidalgo  
MSB M45901 Myotis melanorhinus melanorhinus m 
New 
Mexico Hidalgo  
MSB M45903 Myotis melanorhinus melanorhinus m 
New 
Mexico Hidalgo  
RDS MS024 Myotis melanorhinus melanorhinus m Texas Jeff Davis  
RDS RDS8135 Myotis melanorhinus melanorhinus m Texas Jeff Davis  
MSB M47322 Myotis milleri f 
Baja 
California 




MSB M43021 Myotis milleri m Mexico 
Baja 
California 
MSB M43054 Myotis milleri m Mexico 
Baja 
California 
MSB M47321 Myotis milleri m 
Baja 
California 














KU K23847 Myotis nigricans nigricans f Mexico Veracruz 
KU K23848 Myotis nigricans nigricans f Mexico Veracruz 
KU K23848 Myotis nigricans nigricans f Mexico Veracruz 
KU K23850 Myotis nigricans nigricans f Mexico Veracruz 
KU K23852 Myotis nigricans nigricans f Mexico Veracruz 
KU K23854 Myotis nigricans nigricans f Mexico Veracruz 
KU K23855 Myotis nigricans nigricans f Mexico Veracruz 
KU K23856 Myotis nigricans nigricans f Mexico Veracruz 
KU K23857 Myotis nigricans nigricans f Mexico Veracruz 
KU K17840 Myotis nigricans nigricans m Mexico Veracruz 
KU K19226 Myotis nigricans nigricans m Mexico Veracruz 
KU K23840 Myotis nigricans nigricans m Mexico Veracruz 
KU K23841 Myotis nigricans nigricans m Mexico Veracruz 
KU K23842 Myotis nigricans nigricans m Mexico Veracruz 
KU K23843 Myotis nigricans nigricans m Mexico Veracruz 
KU K23844 Myotis nigricans nigricans m Mexico Veracruz 
KU K23845 Myotis nigricans nigricans m Mexico Veracruz 
KU K58844 Myotis nigricans nigricans m Mexico Tamaulipas 
KU K58847 Myotis nigricans nigricans m Mexico Tamaulipas 
LSUMNS L10508 Myotis occultus f 
New 
Mexico Socorro  
LSUMNS L10509 Myotis occultus f 
New 
Mexico Socorro  
MSB M121943 Myotis occultus f 
New 
Mexico Socorro  
MSB M121989 Myotis occultus f 
New 
Mexico Catron  
MSB M121997 Myotis occultus f 
New 
Mexico Cibola  
MSB M122030 Myotis occultus f Colorado Las Animas  
MSB M14533 Myotis occultus f 
New 
Mexico Catron  
MSB M15966 Myotis occultus f 
New 
Mexico Otero  
MSB M27750 Myotis occultus f Mexico Chihuahua 
MSB M41589 Myotis occultus f 
New 
Mexico Socorro  
MSB M121949 Myotis occultus m 
New 
Mexico Socorro  
MSB M121984 Myotis occultus m 
New 
Mexico Catron  
MSB M121996 Myotis occultus m 
New 
Mexico Cibola  
MSB M122031 Myotis occultus m Colorado Las Animas  
MSB M140952 Myotis occultus m 
New 










MSB M14531 Myotis occultus m 
New 
Mexico Catron  
MSB M15867 Myotis occultus m 
New 
Mexico Otero  
MSB M161792 Myotis occultus m Arizona Greenlee 
MSB M24989 Myotis occultus m 
New 
Mexico Grant  
MSB M3483 Myotis occultus m Arizona Apache 
LSUMNS L4010 Myotis thysanodes thysanodes f Mexico 
San Luis 
Potosi 
MSB M117100 Myotis thysanodes thysanodes f Colorado Montezuma 
MSB M117102 Myotis thysanodes thysanodes f Colorado Montezuma 
MSB M11984 Myotis thysanodes thysanodes f 
New 
Mexico Bernalillo  
MSB M123247 Myotis thysanodes pahasapensis f Nebraska Scotts Bluff  
MSB M161890 Myotis thysanodes thysanodes f Arizona Yavapai 
MSB M161891 Myotis thysanodes thysanodes f Arizona Yavapai 
MSB M52973 Myotis thysanodes thysanodes f 
New 
Mexico Socorro  
MSB M52974 Myotis thysanodes thysanodes f 
New 
Mexico Socorro  
MSB M69417 Myotis thysanodes f 
New 
Mexico Cibola  
Burke B62590 Myotis thysanodes m California Napa 
Burke B62592 Myotis thysanodes m California Riverside 
MSB M120969 Myotis thysanodes thysanodes m Utah San Juan  
MSB M140930 Myotis thysanodes m 
New 
Mexico Catron  
MSB M37382 Myotis thysanodes m California Santa Clara  
MSB M45907 Myotis thysanodes thysanodes m 
New 
Mexico Hidalgo  
MSB M69416 Myotis thysanodes m 
New 
Mexico Cibola  
MSB M99300 Myotis thysanodes m Texas Jeff Davis  
PSUMVB P1360 Myotis thysanodes m Arizona Pima  
PSUMVB P2985 Myotis thysanodes m Oregon Union  
LSUMNS L10408 Myotis velifer f Arizona Pima 
LSUMNS L10536 Myotis velifer f Texas Comal 
LSUMNS L10543 Myotis velifer f Texas Comal 
MSB M21866 Myotis velifer f 
New 
Mexico Lincoln  
MSB M23053 Myotis velifer f Texas Presidio  
MSB M25013 Myotis velifer f Arizona Cochise  
MSB M30638 Myotis velifer f Oklahoma Harmon  














MSB M85927 Myotis velifer f 
New 
Mexico Chaves  
MSB M21867 Myotis velifer m 
New 
Mexico Lincoln  
MSB M23054 Myotis velifer m Texas Presidio  
MSB M30637 Myotis velifer m Oklahoma Harmon  
MSB M41617 Myotis velifer incautus m 
New 
Mexico Chaves  
MSB M41618 Myotis velifer incautus m 
New 
Mexico Chaves  
MSB M41659 Myotis velifer velifer (brevis) m Arizona Cochise  
MSB M45910 Myotis velifer brevis m 
New 
Mexico Hidalgo  
MSB M45911 Myotis velifer brevis m 
New 
Mexico Hidalgo  
MSB M53789 Myotis velifer velifer m Sonora 
PSUMVB P2248 Myotis velifer m Kansas Barber C 
LSUMNS L1191 Myotis vivesi f Mexico 
"Lower 
California" 
MSB M42643 Myotis vivesi f Mexico Sonora 
MSB M42644 Myotis vivesi f Mexico Sonora 
MSB M42645 Myotis vivesi f Mexico Sonora 
MSB M42646 Myotis vivesi f Mexico Sonora 
MSB M42649 Myotis vivesi f Mexico Sonora 
MSB M42650 Myotis vivesi f Mexico Sonora 
MSB M42652 Myotis vivesi f Mexico Sonora 
MSB M42655 Myotis vivesi f Mexico Sonora 
MSB M42657 Myotis vivesi f Mexico Sonora 
KU K80184 Myotis vivesi m Mexico Sonora 
KU K80188 Myotis vivesi m Mexico Sonora 
MSB M42642 Myotis vivesi m Mexico Sonora 
MSB M42648 Myotis vivesi m Mexico Sonora 
MSB M42651 Myotis vivesi m Mexico Sonora 
MSB M42659 Myotis vivesi m Mexico Sonora 
MSB M53812 Myotis vivesi m Mexico Sonora 
MSB M53813 Myotis vivesi m Mexico Sonora 
MSB M53814 Myotis vivesi m Mexico Sonora 
MSB M53818 Myotis vivesi m Mexico Sonora 
Burke B33269 Myotis volans f Washington Douglas 
Burke B79348 Myotis volans f Washington Ferry 
LSUMNS L10413 Myotis volans f Arizona Cochise  










MSB M41261 Myotis volans interior f 
New 
Mexico Taos  
MSB M42514 Myotis volans interior f 
New 
Mexico Hidalgo  
MSB M69408 Myotis volans f 
New 
Mexico Cibola  
PSUMVB P2942 Myotis volans f Oregon Lane  
PSUMVB P3001 Myotis volans f Oregon Malheur  
PSUMVB P3280 Myotis volans f Oregon Wallowa  
Burke B62627 Myotis volans m Oregon Deschutes 
Burke B6547 Myotis volans longicrus m Washington Columbia 
Burke B79423 Myotis volans m Washington Spokane 
MSB M13800 Myotis volans interior m Utah Garfield  
MSB M41262 Myotis volans interior m 
New 
Mexico Taos  
MSB M45217 Myotis volans interior m 
New 
Mexico Hidalgo  
PSUMVB P2936 Myotis volans m Oregon Marion  
PSUMVB P3000 Myotis volans m Oregon Baker  
PSUMVB P3049 Myotis volans m Oregon Wheeler  
PSUMVB P3054 Myotis volans m Oregon Wasco  
LSUMNS L1154 Myotis yumanensis f Nevada 
"Pyramid 
Lake" 
LSUMNS L4903 Myotis yumanensis f Mexico 
San Luis 
Potosi 
LSUMNS L4905 Myotis yumanensis f Mexico 
San Luis 
Potosi 
LSUMNS L4906 Myotis yumanensis f Mexico 
San Luis 
Potosi 
MSB M17902 Myotis yumanensis f 
New 
Mexico Taos  
MSB M29883 Myotis yumanensis f Utah Uintah  
MSB M40575 Myotis yumanensis saturatus f California Madera  
MSB M41616 Myotis yumanensis yumanensis f 
New 
Mexico Socorro  
MSB M46571 Myotis yumanensis sociabilis f California Lassen  
MSB M53793 Myotis yumanensis yumanensis f Sonora 
LSUMNS L4925 Myotis yumanensis m Mexico 
San Luis 
Potosi 
MSB M13270 Myotis yumanensis yumanensis m 
New 
Mexico Catron  
MSB M14294 Myotis yumanensis m 
New 
Mexico Taos  
MSB M19342 Myotis yumanensis m 
New 
Mexico Union  










MSB M42336 Myotis yumanensis m 
New 
Mexico Socorro  
RDS RDS8118 Myotis yumanensis m Texas Brewster 
RDS RDS8120 Myotis yumanensis m Texas Brewster 
RDS RDS8121 Myotis yumanensis m Texas Brewster 
RDS RDS8122 Myotis yumanensis m Texas Brewster 
LSUMNS L20883 Natalus stramineus f Mexico Sonora 
MSB M11050 Natalus stramineus mexicanus f Mexico Sonora 
MSB M19090 Natalus stramineus f Mexico Sonora 
MSB M19561 Natalus stramineus f Mexico Sonora 
MSB M19562 Natalus stramineus f Mexico Sonora 
MSB M19567 Natalus stramineus f Mexico Sonora 
MSB M22582 Natalus stramineus f Mexico Sonora 
MSB M22583 Natalus stramineus f Mexico Sonora 
MSB M22584 Natalus stramineus f Mexico Sonora 
MSB M4554 Natalus stramineus f Mexico Sonora 
MSB M19084 Natalus stramineus m Mexico Sonora 
MSB M19087 Natalus stramineus m Mexico Sonora 
MSB M19089 Natalus stramineus m Mexico Sonora 
MSB M19568 Natalus stramineus m Mexico Sonora 
MSB M22580 Natalus stramineus m Mexico Sonora 
MSB M22581 Natalus stramineus m Mexico Sonora 
MSB M22585 Natalus stramineus m Mexico Sonora 
MSB M31549 Natalus stramineus m Mexico Sonora 
MSB M31551 Natalus stramineus m Mexico Sonora 
MSB M31552 Natalus stramineus m Mexico Sonora 
KU K44754 Nycticeius humeralis mexicanus f Mexico Coahuila 
LSUMNS L4874 Nycticeius humeralis f Mexico 
San Luis 
Potosi 
LSUMNS L4876 Nycticeius humeralis f Mexico 
San Luis 
Potosi 
LSUMNS L4879 Nycticeius humeralis f Mexico 
San Luis 
Potosi 
LSUMNS L4889 Nycticeius humeralis f Mexico 
San Luis 
Potosi 
LSUMNS L4893 Nycticeius humeralis f Mexico 
San Luis 
Potosi 
MSB M162361 Nycticeius humeralis humeralis f Texas San Patricio 
MSB M162363 Nycticeius humeralis humeralis f Texas San Patricio 
MSB M162364 Nycticeius humeralis humeralis f Texas San Patricio 
MSB M162365 Nycticeius humeralis humeralis f Texas San Patricio 
KU K48316 Nycticeius humeralis mexicanus m Mexico Coahuila 












LSUMNS L4885 Nycticeius humeralis m Mexico 
San Luis 
Potosi 
LSUMNS L4886 Nycticeius humeralis m Mexico 
San Luis 
Potosi 
LSUMNS L4887 Nycticeius humeralis m Mexico 
San Luis 
Potosi 
LSUMNS L4888 Nycticeius humeralis m Mexico 
San Luis 
Potosi 
MSB M162358 Nycticeius humeralis humeralis m Texas San Patricio 
MSB M162359 Nycticeius humeralis humeralis m Texas San Patricio 
MSB M162360 Nycticeius humeralis humeralis m Texas San Patricio 
MSB M162362 Nycticeius humeralis humeralis m Texas San Patricio 
LSUMNS L11060 Nyctinomops aurispinosus f Mexico Colima 
LSUMNS L11061 Nyctinomops aurispinosus f Mexico Colima 
LSUMNS L11066 Nyctinomops aurispinosus f Mexico Colima 
LSUMNS L11067 Nyctinomops aurispinosus f Mexico Colima 
LSUMNS L11068 Nyctinomops aurispinosus f Mexico Colima 
LACM LA14176 Nyctinomops aurispinosus f Mexico Chiapas 
MSB M22657 Nyctinomops aurispinosus f Mexico Sinaloa 
MSB M22660 Nyctinomops aurispinosus f Mexico Sinaloa 
MSB M22665 Nyctinomops aurispinosus f Mexico Sinaloa 
MSB M55459 Nyctinomops aurispinosus f Mexico Sonora 
LSUMNS L11057 Nyctinomops aurispinosus m Mexico Colima 
LSUMNS L11058 Nyctinomops aurispinosus m Mexico Colima 
LSUMNS L11062 Nyctinomops aurispinosus m Mexico Colima 
LSUMNS L11063 Nyctinomops aurispinosus m Mexico Colima 
LSUMNS L11070 Nyctinomops aurispinosus m Mexico Colima 
MSB M22648 Nyctinomops aurispinosus m Mexico Sinaloa 
MSB M22649 Nyctinomops aurispinosus m Mexico Sinaloa 
MSB M22650 Nyctinomops aurispinosus m Mexico Sinaloa 
MSB M22651 Nyctinomops aurispinosus m Mexico Sinaloa 
MSB M22652 Nyctinomops aurispinosus m Mexico Sinaloa 
MSB M160480 Nyctinomops femorosaccus mexicana f Arizona Pima 
MSB M19313 Nyctinomops femorosaccus f 
New 
Mexico Hidalgo  
MSB M19314 Nyctinomops femorosaccus f 
New 
Mexico Hidalgo  
MSB M20031 Nyctinomops femorosaccus f 
New 
Mexico Hidalgo  
MSB M42857 Nyctinomops femorosaccus f Mexico 
Baja 
California 












MSB M43056 Nyctinomops femorosaccus f Mexico 
Baja 
California 
MSB M60881 Nyctinomops femorosaccus f Mexico Sonora 
MSB M60882 Nyctinomops femorosaccus f Mexico Sonora 
MSB M60884 Nyctinomops femorosaccus f Mexico Sonora 
MSB M18579 Nyctinomops femorosaccus m Mexico Sonora 
MSB M19315 Nyctinomops femorosaccus m 
New 
Mexico Hidalgo  
MSB M26858 Nyctinomops femorosaccus m Mexico Sonora 
MSB M42858 Nyctinomops femorosaccus m Mexico 
Baja 
California 
MSB M42859 Nyctinomops femorosaccus m Mexico 
Baja 
California 
MSB M42861 Nyctinomops femorosaccus m Mexico 
Baja 
California 
MSB M43065 Nyctinomops femorosaccus m Mexico 
Baja 
California 
MSB M53834 Nyctinomops femorosaccus m Mexico Sonora 
MSB M53836 Nyctinomops femorosaccus m Mexico Sonora 
MSB M60885 Nyctinomops femorosaccus m Mexico Sonora 
Burke B50616 Nyctinomops macrotis f Utah 
LSUMNS L8079 Nyctinomops macrotis f 
New 
Mexico Rio Arriba 
MSB M116461 Nyctinomops macrotis f Utah Grand 
MSB M116462 Nyctinomops macrotis f Utah Grand 
MSB M160481 Nyctinomops macrotis f Arizona Mohave 
MSB M30647 Nyctinomops macrotis f Texas Brewster 
MSB M30648 Nyctinomops macrotis f Texas Brewster 
MSB M4552 Nyctinomops macrotis f 
New 
Mexico Bernalillo  
MSB M53842 Nyctinomops macrotis f Mexico Sonora 
MSB M53843 Nyctinomops macrotis f Mexico Sonora 
KU K97087 Nyctinomops macrotis m Mexico Sinaloa 
KU K97090 Nyctinomops macrotis m Mexico Sinaloa 
KU K97091 Nyctinomops macrotis m Mexico Sinaloa 
MSB M122221 Nyctinomops macrotis m Wyoming Teton 
MSB M16595 Nyctinomops macrotis m 
New 
Mexico Bernalillo  
MSB M36884 Nyctinomops macrotis m 
New 
Mexico Valencia 
MSB M53840 Nyctinomops macrotis m Mexico Sonora 
MSB M55468 Nyctinomops macrotis m Mexico Sonora 
MSB M55469 Nyctinomops macrotis m Mexico Sonora 
MSB M55470 Nyctinomops macrotis m Mexico Sonora 
LSUMNS L10126 Parastrellus hesperus f Arizona Pima 
LSUMNS L10127 Parastrellus hesperus f Arizona Pima 
LSUMNS L1152 Parastrellus hesperus f California Inyo 










LSUMNS L4021 Parastrellus hesperus f Mexico 
San Luis 
Potosi 
LSUMNS L4022 Parastrellus hesperus f Mexico 
San Luis 
Potosi 
LSUMNS L4028 Parastrellus hesperus f Mexico 
San Luis 
Potosi 
LSUMNS L4030 Parastrellus hesperus f Mexico 
San Luis 
Potosi 
LSUMNS L4036 Parastrellus hesperus f Mexico 
San Luis 
Potosi 
MSB M116757 Parastrellus hesperus hesperus f Utah Wayne 
LSUMNS L10430 Parastrellus hesperus m Arizona Pima 
LSUMNS L1888 Parastrellus hesperus m California Kern 
LSUMNS L22041 Parastrellus hesperus m 
New 
Mexico Socorro  
LSUMNS L4023 Parastrellus hesperus m Mexico 
San Luis 
Potosi 
LSUMNS L4025 Parastrellus hesperus m Mexico 
San Luis 
Potosi 
LSUMNS L4032 Parastrellus hesperus m Mexico 
San Luis 
Potosi 
MSB M118695 Parastrellus hesperus hesperus m Utah Wayne 
MSB M118696 Parastrellus hesperus hesperus m Utah Wayne 
MSB M162636 Parastrellus hesperus m Arizona Yuma 
MSB M162637 Parastrellus hesperus m Arizona Yuma 
KU K29872 Perimyotis subflavus veraecrucis f Mexico Veracruz 
KU K29874 Perimyotis subflavus veraecrucis f Mexico Veracruz 
KU K29880 Perimyotis subflavus veraecrucis f Mexico Veracruz 
KU K48263 Perimyotis subflavus clarus f Mexico Coahuila 
KU K48267 Perimyotis subflavus clarus f Mexico Coahuila 
MSB M162706 Perimyotis subflavus f Texas Comal 
MSB M162707 Perimyotis subflavus f Texas Comal 
MSB M162708 Perimyotis subflavus f Texas Comal 
MSB M162710 Perimyotis subflavus subflavus f Texas Shelby 
MSB M162711 Perimyotis subflavus subflavus f Texas Shelby 
KU K29875 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K29876 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K29877 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K29881 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K29882 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K29883 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K29884 Perimyotis subflavus veraecrucis m Mexico Veracruz 
KU K48272 Perimyotis subflavus clarus m Mexico Coahuila 
KU K58849 Perimyotis subflavus subflavus m Mexico Tamaulipas 
MSB M162709 Perimyotis subflavus m Texas Comal 
Burke B62784 Pteronotus davyi f Mexico Morelos 
Burke B62786 Pteronotus davyi f Mexico Morelos 










Burke B63205 Pteronotus davyi f Mexico 
San Luis 
Potosi 
LSUMNS L4785 Pteronotus davyi f Mexico 
San Luis 
Potosi 
LSUMNS L4788 Pteronotus davyi f Mexico 
San Luis 
Potosi 
LSUMNS L4790 Pteronotus davyi f Mexico 
San Luis 
Potosi 
LSUMNS L4794 Pteronotus davyi f Mexico 
San Luis 
Potosi 
LSUMNS L4795 Pteronotus davyi f Mexico 
San Luis 
Potosi 
LSUMNS L4804 Pteronotus davyi f Mexico 
San Luis 
Potosi 
Burke B62785 Pteronotus davyi m Mexico Morelos 
Burke B62787 Pteronotus davyi m Mexico Morelos 
Burke B62788 Pteronotus davyi m Mexico Morelos 
Burke B62789 Pteronotus davyi m Mexico Morelos 
Burke B62790 Pteronotus davyi m Mexico Morelos 
Burke B62791 Pteronotus davyi m Mexico Morelos 
Burke B62792 Pteronotus davyi m Mexico Morelos 
Burke B62793 Pteronotus davyi m Mexico Morelos 
Burke B62795 Pteronotus davyi m Mexico Morelos 
Burke B62796 Pteronotus davyi m Mexico 
San Luis 
Potosi 
LSUMNS L10977 Pteronotus parnellii f Mexico Colima 
LSUMNS L10978 Pteronotus parnellii f Mexico Colima 
LSUMNS L10979 Pteronotus parnellii f Mexico Colima 
LSUMNS L10980 Pteronotus parnellii f Mexico Colima 
LSUMNS L4811 Pteronotus parnellii f Mexico 
San Luis 
Potosi 
LSUMNS L4813 Pteronotus parnellii f Mexico 
San Luis 
Potosi 
LSUMNS L4814 Pteronotus parnellii f Mexico 
San Luis 
Potosi 
LSUMNS L4815 Pteronotus parnellii f Mexico 
San Luis 
Potosi 
LSUMNS L8156 Pteronotus parnellii f Mexico Tabasco 
LSUMNS L8167 Pteronotus parnellii f Mexico Tabasco 
LSUMNS L11963 Pteronotus parnellii m Mexico Oaxaca 
LSUMNS L4812 Pteronotus parnellii m Mexico 
San Luis 
Potosi 
LSUMNS L4816 Pteronotus parnellii m Mexico 
San Luis 
Potosi 
LSUMNS L4819 Pteronotus parnellii m Mexico 
San Luis 
Potosi 












LSUMNS L7373 Pteronotus parnellii m Mexico Tabasco 
LSUMNS L7381 Pteronotus parnellii m Mexico Tabasco 
LSUMNS L8154 Pteronotus parnellii m Mexico Tabasco 
LSUMNS L8155 Pteronotus parnellii m Mexico Tabasco 
LSUMNS L8166 Pteronotus parnellii m Mexico Tabasco 
KU K97050 Rhogeessa gracilis f Mexico Jalisco 
KU K108976 Rhogeessa gracilis m Mexico Jalisco 
KU K92951 Rhogeessa gracilis m Mexico Jalisco 
LSUMNS L11030 Sturnira lilium f Mexico Colima 
LSUMNS L11036 Sturnira lilium f Mexico Colima 
LSUMNS L4836 Sturnira lilium parvidens f Mexico 
San Luis 
Potosi 
LSUMNS L4838 Sturnira lilium parvidens f Mexico 
San Luis 
Potosi 
LSUMNS L4840 Sturnira lilium parvidens f Mexico 
San Luis 
Potosi 
LSUMNS L4843 Sturnira lilium parvidens f Mexico 
San Luis 
Potosi 
LSUMNS L8210 Sturnira lilium f Mexico Tabasco 
LSUMNS L8232 Sturnira lilium f Mexico Tabasco 
LSUMNS L8236 Sturnira lilium f Mexico Tabasco 
LSUMNS L8244 Sturnira lilium f Mexico Tabasco 
Burke B50724 Sturnira lilium m Mexico Veracruz 
Burke B63218 Sturnira lilium m Mexico 
San Luis 
Potosi 
LSUMNS L11028 Sturnira lilium m Mexico Colima 
LSUMNS L11029 Sturnira lilium m Mexico Colima 
LSUMNS L11031 Sturnira lilium m Mexico Colima 
LSUMNS L11032 Sturnira lilium m Mexico Colima 
LSUMNS L4839 Sturnira lilium parvidens m Mexico 
San Luis 
Potosi 
LSUMNS L4841 Sturnira lilium parvidens m Mexico 
San Luis 
Potosi 
LSUMNS L4842 Sturnira lilium parvidens m Mexico 
San Luis 
Potosi 
LSUMNS L8237 Sturnira lilium m Mexico Tabasco 
LSUMNS L10133 Tadarida brasiliensis f Arizona Pima 
LSUMNS L10134 Tadarida brasiliensis f Arizona Pima 
LSUMNS L11198 Tadarida brasiliensis f Colorado Rio Grande 
LSUMNS L1880 Tadarida brasiliensis f California Los Angeles 
LSUMNS L4050 Tadarida brasiliensis f Mexico 
San Luis 
Potosi 
LSUMNS L4053 Tadarida brasiliensis f Mexico 
San Luis 
Potosi 












LSUMNS L4055 Tadarida brasiliensis f Mexico 
San Luis 
Potosi 
LSUMNS L4059 Tadarida brasiliensis f Mexico 
San Luis 
Potosi 
LSUMNS L429 Tadarida brasiliensis f California Yolo 
LSUMNS L10132 Tadarida brasiliensis m Arizona Pima 
LSUMNS L11917 Tadarida brasiliensis m Mexico Oaxoca 
LSUMNS L1879 Tadarida brasiliensis m California Los Angeles 
LSUMNS L1881 Tadarida brasiliensis m California Los Angeles 
LSUMNS L19808 Tadarida brasiliensis m Texas Gregg 
LSUMNS L2840 Tadarida brasiliensis m Mexico 
San Luis 
Potosi 
LSUMNS L4965 Tadarida brasiliensis m Mexico 
San Luis 
Potosi 
LSUMNS L4966 Tadarida brasiliensis m Mexico 
San Luis 
Potosi 
LSUMNS L4967 Tadarida brasiliensis m Mexico 
San Luis 
Potosi 
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